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SUMMARY 
The s p e c i f i c purpose o f t h i s i n v e s t i g a t i o n i s t o s t u d y 
q u a n t i t a t i v e l y t h e n a t u r e o f m a n u f a c t u r i n g i n d u s t r y i n 
Mex ico and t h e U .S .A . f o r t h e r e s p e c t i v e p e r i o d s 1 9 3 9 - 1 9 5 5 
and 1 8 9 9 - 1 9 1 5 . 
The approach t o such an o b j e c t i v e i s t o i s o l a t e p r i ­
mary i n t e r v e n i n g f a c t o r s and o b s e r v e t h e i r f u n c t i o n a l r e l a ­
t i o n s h i p as r e l a t e d t o a measure o f a c t i v i t y i n m a n u f a c t u r i n g 
i n d u s t r y . The c h o i c e o f such f a c t o r s o r i n p u t s and t h e 
o u t p u t measure f o l l o w s t h e l i n e s o f i n p u t - o u t p u t and p r o d u c ­
t i o n f u n c t i o n a l a n a l y s e s . 
The above m e t h o d o l o g y i s much used i n e c o n o m e t r i c s 
and t h e r e s u l t i n g models f i n d a p p l i c a t i o n s i n t h e economic 
and i n d u s t r i a l e n g i n e e r i n g f i e l d s d e p e n d i n g on t h e p a r t i c u l a r 
o b j e c t i v e s . 
A m a t h e m a t i c a l model i s d e v e l o p e d f o r each c o u n t r y , , 
i n c l u d i n g f i v e exogenous v a r i a b l e s f o r a s s e s s i n g t h e i r r e l a ­
t i v e i m p o r t a n c e i n g e n e r a t i n g m a n u f a c t u r i n g o u t p u t . Economic 
and s t a t i s t i c a l a d j u s t m e n t s a r e p e r f o r m e d on t h e d a t a f o r 
each v a r i a b l e . The f u n c t i o n a l r e l a t i o n s h i p i s h y p o t h e s i z e d 
f o l l o w e d by r e a s o n a b l e c o r r o b o r a t i o n . M u l t i p l e r e g r e s s i o n 
t e c h n i q u e s as w e l l as c o r r e l a t i o n a r e used t o d e v e l o p t h e 
f i n a l f o r m s o f t h e models and t h e a n a l y s i s o f such m o d e l s . 
The s i g n i f i c a n c e o f t h e f a c t o r s i s a l s o s t u d i e d . 
The p r o d u c t i o n e l a s t i c i t i e s o f i n p u t s , t h e n a t u r e o f 
X 
r e tu rns t o each and t o the f u n c t i o n as a w h o l e , and the 
q u a n t i t a t i v e and economic a p p l i c a t i o n s o f r e g r e s s i o n c o e f f i ­
c i e n t s are t o p i c s c o v e r e d . A b r i e f mathematical t reatment 
d e l v i n g i n t o the marginal c h a r a c t e r i s t i c s o f the power 
f u n c t i o n s ( m o d e l s ) o b t a i n e d i s p r e s e n t e d . Throughout the 
d i s c u s s i o n a t t e n t i o n i s drawn t o the f o r m u l a t i o n o f economic 
p o l i c y and the p lann ing c r i t e r i a that a r i s e from such 
a n a l y s i s . 
The r e s u l t s are u s e f u l in p r o p o r t i o n to the degree o f 
s o p h i s t i c a t i o n in the methodology a p p l i e d . The r e s u l t i n g 
models a re e s s e n t i a l l y p r e d i c t o r m o d e l s . 
CHAPTER I 
INTRODUCTION 
This s tudy i s an exper iment in ex t end ing a r e l a t i v e l y 
u n e x p l o i t e d t o o l o f a n a l y t i c a l e c o n o m i c s , namely the p r o d u c ­
t i o n f u n c t i o n . 
The t e c h n i c a l r e l a t i o n between v a r i o u s inpu t s and o u t ­
puts i s a common e n g i n e e r i n g problem,, The optimum u t i l i z a t i o n 
o f r e s o u r c e s f o r the maximizat ion o f ou tput o r p r o f i t i s one 
o f the primary o b j e c t i v e s o f i n d u s t r i a l e n g i n e e r i n g e 
The law d e s c r i b i n g such phenomena i s in a broad sense 
that o f the p r o d u c t i o n f u n c t i o n . The q u a n t i t a t i v e d e t e r ­
minat ion o f f a c t o r s and r e l a t i o n s h i p s i n v o l v e d in the 
mechanism o f p r o d u c t i o n can be a p p l i e d e i t h e r to a f i rm o r 
t o a b roade r economic s e c t o r . Both lend themselves t o i n ­
v e s t i g a t i o n s i n v o l v i n g the p r o d u c t i o n f u n c t i o n „ 
The i s o l a t i o n o f f a c t o r s a lone a f f o r d s grounds f o r 
t h e o r e t i c a l c o n s i d e r a t i o n s . However, t h e i r q u a n t i f i c a t i o n 
p r o v i d e s a more s o l i d founda t ion f o r development o f d e c i s i o n 
t o o l s f o r p r a c t i c a l measurement and a p p l i c a t i o n 0 We approach 
then an ana logy between the o p e r a t i o n s r e s e a r c h approach in 
i n d u s t r i a l e n g i n e e r i n g and e c o n o m e t r i c methods in the f i e l d 
o f a n a l y t i c a l e c o n o m i c s 0 
These two d i s c i p l i n e s p r o v i d e q u a n t i t a t i v e t echn iques 
2 
f o r a s s e s s i n g the s t a tu s o f o p e r a t i o n s in r e l a t i o n t o pas t 
performance and in fo rmu la t i ng c r i t e r i a f o r p lanning growth 
and deve lopmen t . 
I t i s the purpose o f t h i s s tudy t o ana lyze the nature 
o f the manufacturing i ndus t ry in Mexico and the United S t a t e s 
f o r the p e r i o d s 1 9 3 9 - 1 9 5 5 and 1 8 9 9 - 1 9 1 5 , r e s p e c t i v e l y . 
These p e r i o d s are c o n s i d e r e d s i m i l a r in the cour se o f e c o n o ­
mic development o f the two n a t i o n s . The s e l e c t i o n and 
q u a n t i f i c a t i o n o f the main inpu t s o r f a c t o r s in manufacturing 
w i l l then a l l o w us t o fo rmula te mathematical models d e s c r i b i n g 
the laws o f p r o d u c t i o n f o r the p e r i o d s c o n s i d e r e d f o r each 
c o u n t r y . 
In broad terms, a b a s i s i s p r o v i d e d f o r judg ing the r e ­
l a t i v e importance o f i n t e r v e n i n g i n p u t s , t h e i r s p e c i f i c quan­
t i t a t i v e c o n t r i b u t i o n s to the growth o f manufacturings and 
the optimum use o r "mix" o f r e s o u r c e s . The manufactur ing 
p o l i c y i m p l i c a t i o n s o f such models are many. 
A d e t a i l e d d i s c u s s i o n o f the above problems f o l l o w s 0 
3 
CHAPTER I I 
THE PRODUCTION FUNCTIONS BACKGROUND 
AND SOME THEORETICAL CONCEPTS 
The p i o n e e r i n g work o f P r o f e s s o r s Douglas and Cobb"1" in 
the t h i r d and fou r th decades o f t h i s cen tu ry marks the 
p r a c t i c a l approach in a t tempt ing to d e r i v e laws o f product ion , , 
They sought to o b t a i n a f u n c t i o n a l r e l a t i o n s h i p between p h y s i ­
c a l output o f p r o d u c t i o n in manufactur ing, and two i n p u t s , 
namely, q u a n t i t y o f l a b o r and c a p i t a l inves tment . 
Let 
P = p h y s i c a l output o f p r o d u c t i o n per un i t time 
C = c a p i t a l investment per u n i t time 
L - number o f wage earners per u n i t time 
thens 
P = f ( C , L) ( 1 ) 
Under the assumption that the sum o f the exponents equa l s ones 
they ob ta ined? 
P - f ( C , L) - b C 1 _ k L k ( 2 ) 
With the use o f index numbers and by the method o f l e a s t 
s q u a r e s , the cons t an t s were f i t t e d and the r e s u l t i n g equa t ion 
was % 
4 
P = 1.01 C 0 - 2 5 L ° - 7 5 ( 3 ) 
f o r the p e r i o d 1 8 9 9 - 1 9 2 2 in the United S t a t e s . 
The r e s u l t s computed from t h i s formula agree ve ry c l o s e l y 
with the a c t u a l d a t a . However, the d e v i a t i o n s beoome g r e a t e r 
i f p r o j e c t i o n s pas t 1 9 2 2 are a t t empted . This l i m i t s our p r e ­
d i c t o r , P, t o sho r t range c o n s i d e r a t i o n s . 
Douglas d id f u r t he r work f o r the S ta te o f Massachuset ts 
and the S ta t e o f New South Wales , A u s t r a l i a , t o t e s t the 
v a l i d i t y o f h i s o r i g i n a l r e s u l t s and in answer t o c r i t i c i s m s 
o f a d i v e r s e na tu r e . To many c r i t i c s , the i n t e r - c o r r e l a t i o n 
o f f a c t o r s , among themselves and with t ime , s imply i n v a l i d a t e d 
the r e s u l t s o b t a i n e d . However, a l l o f D o u g l a s 0 s t u d i e s p r o ­
duced concordan t r e s u l t s , and checks were performed to sub ­
s t a n t i a t e f i n d i n g s . Checks such as f o rmu la t i on o f f u n c t i o n s 
f o r one s p e c i f i c year f o r compar ison with the t i m e - s e r i e s 
approach were marked by s u c c e s s . 
The f u n c t i o n s were s u b j e c t e d t o mathematical t reatment 
f o r d e r i v a t i o n o f marginal p r o d u c t i v i t i e s and p r o d u c t i o n 
e l a s t i c i t i e s f o r each f a c t o r D Such q u e s t i o n s as the f o l l o w i n g 
were i n v e s t i g a t e d ? 
( 1 ) What i s the degree o f r esponse in p r o d u c t i o n t o 
changes in the q u a n t i t i e s o f l a b o r and c a p i t a l ? 
( 2 ) What i s the r e l a t i v e i n f l u e n c e upon output o f 
changes in the q u a n t i t y o f l a b o r as compared 
with changes in the q u a n t i t y o f c a p i t a l ? 
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(3) Does the a c t u a l cou r se o f the d i s t r i b u t i o n o f the 
output o f i ndus t ry between c a p i t a l and l a b o r 
approximate what we might e x p e c t from our a n a l y s i s 
o f p r o d u c t i o n ? 
In t ime , the economic p o l i c y i m p l i c a t i o n s o f the p r o ­
d u c t i o n f u n c t i o n has awakened much i n t e r e s t . The q u a n t i t a t i v e 
measurement o f v a r i a b l e s , tempered by t h e o r e t i c a l economic 
c o n c e p t s and common s e n s e , might w e l l p o i n t t o d e c i s i o n models 
f o r p r a c t i c a l a p p l i c a t i o n s . 
The d e r i v a t i o n o f p r o d u c t i o n f u n c t i o n s and e s t i m a t i o n 
o f s t r u c t u r a l parameters in the equa t ions may become a b a s i s 
f o r a s s e s s i n g the r e a l i n f l u e n c e o f the r e s o u r c e s ( o r i n p u t s ) 
c o n s i d e r e d . We can v i s u a l i z e the f o l l o w i n g s p e c i f i c a reas f o r 
i n v e s t i g a t i o n s o f t h i s types 
( 1 ) Q u a n t i t a t i v e measurement o f pas t performance in 
o r d e r to p r o v i d e benchmarks f o r de te rmin ing how 
e f f i c i e n t l y r e s o u r c e s are be ing used in manu­
f a c t u r i n g „ 
( 2 ) Formula t ion o f c r i t e r i a f o r p lann ing and d e l i n e a ­
t i o n o f o b j e c t i v e s in ana lyz ings 
( a ) Optimum q u a n t i t y o f r e s o u r c e s to u s e , and 
( b ) Eva lua t ion o f importance o f p a r t i c u l a r inputs 
in manufac tur ing . 
There are d i v e r s e approaches to the adap ta t ion o f a 
p a r t i c u l a r p r o d u c t i o n f u n c t i o n f o r a p a r t i c u l a r s i t u a t i o n . 
p 
They may b r i e f l y be d e s c r i b e d as f o l l o w s s 
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( 1 ) The p r o d u c t i o n f u n c t i o n with a s i n g l e Inpu t . 
Let 
Y - output per un i t time 
X = r e s o u r c e input per un i t time 
a , b , c = cons t an t c o e f f i c i e n t s 
then the f o l l o w i n g equa t ions are most conven ien t? 
Y = ax b ( 4 ) 
Y = ax + b X 2 + c X 3 ( 5 ) 
Y = ax + bYT ( 6 ) 
and the g e n e r a l form i s 
Y - f (X) ( 7 ) 
Equat ion ( 4 ) i s a l o g a r i t h m i c f u n c t i o n o f the Cobb-
Douglas t y p e . I t has the f o l l o w i n g p r o p e r t i e s ? 
( a ) I f b i s equal to o n e , we say that the e l a s t i ­
c i t y o f p r o d u c t i o n i s o n e , and t h i s means that 
we have cons t an t r e tu rns a c c r u i n g to any i n ­
c r e a s e s in i n p u t . This case i s i l l u s t r a t e d 
in F igure 1 . 
( b ) I f b i s l e s s than o n e , we have the case o f d e ­
c r e a s i n g r e t u r n s , i 0 e . , output i n c r e a s e s by 
a sma l l e r pe rcen tage than input and v a r i a b l e 
c o s t s per u n i t i n c r e a s e . This case i s 
i l l u s t r a t e d in F igure 2* 
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Notes 
a - tan <x-
X 
F igure 1 . P roduc t ion Func t ion with Constant E l a s t i c i t y o f One 
X 
F igure 2„ P roduc t ion Func t ion with E l a s t i c i t y Less Than One 
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( c ) I f b i s g r e a t e r than o n e , we have the case 
o f i n c r e a s i n g r e t u r n s , i . e e , output i n c r e a s e s 
by a g r e a t e r pe rcen tage than input and c o n s e ­
q u e n t l y v a r i a b l e c o s t s per u n i t d e c l i n e „ 
This case i s i l l u s t r a t e d in F igure 3 . 
Equat ion (5) wi th the l i n e a r , squared , and c u b i c te rms , 
has g r e a t e r f l e x i b i l i t y than the Cobb-Douglas f u n c t i o n . I t 
l ends i t s e l f n i c e l y t o d e s c r i b e a f a i r l y complex r e l a t i o n s h i p 
between input and output as i l l u s t r a t e d by F igure 4. 
Equat ion (6) wi th l i n e a r and square r o o t terms i s an 
a l t e r n a t i v e which may be used i n s t e a d o f Equat ion (5) f o r 
a n a l y z i n g a p r o d u c t i o n f u n c t i o n with va ry ing magnitudes o f 
e l a s t i c i t y . 
( 2 ) The p r o d u c t i o n f u n c t i o n with two inpu t s„ 
Let 
Y = output per u n i t time 
X^ = q u a n t i t y o f one input pe r un i t time 
X 2 • q u a n t i t y o f ano the r input per u n i t time 
a , b , c , d , e • cons t an t c o e f f i c i e n t s 
then we may c o n s i d e r the f o l l o w i n g equa t ionss 
( 8 ) 
Y = aX-L t b X 2 + c X 2 ± d X 2 t eX^ ( 9 ) 
Y « ax x t WY1 t c X 2 + dfx^ + efl^ 
( 1 0 ) 
and the g e n e r a l form i s 
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Region where e l a s t i c i t y 
o f p r o d u c t i o n i s g r e a t e r 
than one„ 
Region where e l a s t i c i t y 
o f p r o d u c t i o n i s l e s s 
than o n e . 
F igure 4 0 P roduc t ion Func t ion with E l a s t i c i t y o f 
Varying Magnitude 
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Y - f ( ( 1 1 ) 
The p r o p e r t i e s o f a p r o d u c t i o n f u n c t i o n wi th two 
v a r i a b l e inputs can be v i s u a l i z e d by means o f an i s o - p r o d u c t 
c o n t o u r map. This map c o n s i s t s o f a f ami ly o f c u r v e s , each 
c o n t o u r c o r r e s p o n d i n g to a d i f f e r e n t l e v e l o f o u t p u t . The 
c o n t o u r map f o r a two input p r o d u c t i o n f u n c t i o n must s a t i s f y 
the f o l l o w i n g c o n d i t i o n s ^ 
( a ) I f e i t h e r input i s he ld cons t an t wh i l e the 
o t h e r i s i n c r e a s e d ( d e c r e a s e d ) , output w i l l 
i n c r e a s e ( d e c r e a s e ) „ 
( b ) I f output i s he ld c o n s t a n t , a dec rea se ( i n ­
c r e a s e ) in one output w i l l r e q u i r e an i n ­
c r e a s e ( d e c r e a s e ) in the o t h e r i n p u t . 
( c ) I f the output i s he ld c o n s t a n t , the marginal 
r a t e a t which X n s u b s t i t u t e s f o r X^ i n c r e a s e s 
1 2 
as X, i n c r e a s e s . 
The c o n t o u r map which s a t i s f i e s these c o n d i t i o n s i s i l l u s t r a t e d 
in F igure 5 . 
Figure 5« I s o - P r o d u c t Map f o r Two-Input P roduc t ion Func t ion 
1 
e • Y^ r e p r e s e n t 
d i f f e r e n t ou tput 
l e v e l s o r c o n t o u r s „ 
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A f u r t he r a s p e c t must be expla ined, , e . g . , the nature o f f a c t o r -
f a c t o r ( i n p u t - i n p u t ) r e l a t i o n s h i p s f o r s p e c i f i c output levels<, 
These e x h i b i t the f o l l o w i n g c h a r a c t e r i s t i c s . 
Case ( a ) s The f a c t o r s ( i n p u t s ) are i m p e r f e c t s u b s t i ­
t u t e s , i 0 e . , both inpu ts must be employed in 
some p r o p o r t i o n f o r a g iven o u t p u t . Fur the r ­
more, they can be s u b s t i t u t e d wi thout l i m i t , 
The f o l l o w i n g diagram i l l u s t r a t e s t h i s 
c o n d i t i o n s 
F igure 6 a I s o - P r o d u c t Map f o r Imper fec t S u b s t i t u t e s 
Case ( b ) s The f a c t o r s are p e r f e c t s u b s t i t u t e s , i 0 e „ 5 
one f a c t o r may c o m p l e t e l y s u b s t i t u t e another 
in p roduc ing a g iven o u t p u t . The f o l l o w i n g 
diagram i l l u s t r a t e s t h i s c o n d i t i o n s 
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F igure J0 I s o - P r o d u c t Map f o r P e r f e c t S u b s t i t u t e s 
Case ( c ) g The f a c t o r s are l i m i t a t i o n a l i n p u t s 5 l 0 e e $ 
i f a s p e c i f i e d q u a n t i t y o f p roduc t i s to be 
produced then a c e r t a i n unique q u a n t i t y o f 
each input must be u s e d c Excesses o f any one 
input c o n t r i b u t e no th ing t o production^, wh i l e 
sho r t ages o f any one input l i m i t the output 
that can be p r o d u c e d 0 The f o l l o w i n g diagram 
w i l l i l l u s t r a t e t h i s c o n d i t i o n s 
The segment AB 
r e p r e s e n t s the 
e x c e s s e s o f i n ­
put Xo at output 
Y g , o The segment 
BC r e p r e s e n t s 
the e x c e s s e s o f 
input X^ a t o u t ­
put Y g o 
Figure 8 0 I s o - P r o d u c t Map f o r L i m i t a t i o n a l Inputs 
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Case (d )s The f a c t o r s can be s u b s t i t u t e d f o r each o t h e r 
b u t n o t w i t h o u t l i m i t s . The f o l l o w i n g d i a g r a m 
i l l u s t r a t e s t h i s c o n d i t i o n s 
F i g u r e 9° I s o - P r o d u c t Map f o r L i m i t e d S u b s t i t u t i o n I n p u t s 
The d i a g r a m t e l l s us t h a t i t i s n o t p o s s i b l e t o p r o ­
duce o u t p u t w i t h l e s s t h a n "a" u n i t s o f i n p u t X-p n o r l e s s 
t h a n "b 1 1 u n i t s o f i n p u t X g . 
( 3 ) The p r o d u c t i o n f u n c t i o n w i t h m u l t i p l e i n p u t s . 
I f t h e number o f i n p u t s i s t h r e e , f o u r , t±ves and 
so o n , t h e most commonly used e q u a t i o n i s t h e Cobb-
Douglas p r o d u c t i o n f u n c t i o n . T h u s , f o r e x a m p l e , f o r 
f o u r i n p u t s we haves 
b c d e 
Y - a X ^ X g X^ X 4 (12) 
I n t h e above e q u a t i o n , a i s a c o n s t a n t w h i l e t h e e x p o ­
n e n t s b , c , d , and e i n d i c a t e t h e n a t u r e o f r e t u r n s f o r i t s 
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c o r r e s p o n d i n g r e s o u r c e . I f 11 b" i s l e s s than o n e , an i n c r e a s e 
in w i l l r e s u l t in d imin i sh ing r e tu rns to the p a r t i c u l a r 
r e s o u r c e . For " b " equa l to o n e , we have cons t an t r e tu rns f o r 
i n c r e a s e s in X-^| and f o r " b " g r e a t e r than o n e , we have i n ­
c r e a s i n g re tu rns f o r a d d i t i o n s o f r e s o u r c e X-^ 
The nature o f r e tu rns f o r the e n t i r e e q u a t i o n , i . e . . , 
f o r a l l the f a c t o r s combined, i s o b t a i n e d by adding the e x ­
ponents ( b + c + d + e ) . The same c o n d i t i o n s w i l l ho ld f o r t h i s 
sum as mentioned above f o r the i n d i v i d u a l exponents ( e l a s t i ­
c i t i e s ) . 
A power f u n c t i o n a long the l i n e s o f the Douglas-Cobb 
4 
type may f o r purpose o f i l l u s t r a t i o n bes 
Y = 8 . 0 F ° - 7 9 4 4 ( 1 3 ) 
We are u s ing o n l y one f a c t o r - i n p u t (F) f o r the output ( Y ) . 
In the l o g a r i t h m i c form the equa t ion would bes 
Log Y = 0 . 9 0 3 0 9 + 0 . 7 9 4 4 Log F ( 1 4 ) 
An immediate i n d i c a t i o n o f re tu rns i s g iven by the exponent 
o r e l a s t i c i t y o f p r o d u c t i o n . 7 9 4 4 . 
I] =+0.7944 (15) 
S i n c e i t i s l e s s than o n e , d e c r e a s i n g r e tu rns are i n d i c a t e d 
f o r t h i s h y p o t h e t i c a l example . 
Ques t ions r e l a t e d to the optimum amount o f output and 
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e f f i c i e n t use o f r e s o u r c e s have as t h e i r founda t ion the s tudy 
o f "marginal c o n d i t i o n s . " Such c o n d i t i o n s imply the a d d i t i o n 
o f each input f o r the p r o d u c t i o n o f a c e r t a i n output u n t i l the 
a d d i t i o n a l input f a i l s t o pay f o r i t s c o r r e s p o n d i n g a d d i t i o n a l 
c o s t . Aga in , a s imple power f u n c t i o n such as 
Y - A X ~ Z * 3 ( 1 6 ) 
may be used f o r marginal a n a l y s i s . 
The marginal p r o d u c t i v i t i e s o f the i n d i v i d u a l inputs 
are 
9 Y - a « Z ^ X * ' 1 ( 1 7 ) 
3 X 
9 Y - a f i X ^ Z ^ ' 1 ( 1 8 ) 
I n f e r e n c e s from p r o d u c t i o n f u n c t i o n s h e l p make d e c i s i o n r u l e s 
s p e c i f y i n g the use o f t h i s o r tha t r e s o u r c e and whether more 
o r l e s s o f each should be u s e d . The c r i t e r i a w i l l be marginal 
p roduc t and f a c t o r - p r i c e r e l a t i o n s that w i l l be mentioned 
l a t e r . * 
I t i s not p o s s i b l e t o c o n s i d e r a l l o f the t h e o r e t i c a l 
c o n c e p t s r e l a t e d wi th power p r o d u c t i o n f u n c t i o n s w i t h i n the 
s cope o f t h i s s t u d y . An attempt has been made t o r e v e a l some 
o f the f i n d i n g s in the known r e sea r ch wi th a b r e v i t y that i t 
i s hoped may c l a r i f y some o f the ensuing m e t h o d o l o g y . 
* l n f ra „, p . 58. 
1 6 
CHAPTER I I I 
THE MANUFACTURING SETTING IN MEXICO ( 1 9 3 9 - 1 9 5 5 ) 
AND IN THE U.S .A . ( 1 8 9 9 - 1 9 1 5 ) 
To study the manufacturing "p lan t " in both c o u n t r i e s , 
a s i m i l a r p e r i o d had to be c h o s e n . The c r i t e r i a f o r s e l e c t i o n 
weres ( 1 ) a v a i l a b i l i t y o f da t a , and ( 2 ) ana logous p o s i t i o n 
in the ru ra l -urban p o p u l a t i o n b a l a n c e . 
The p e r i o d s 1 9 3 9 - 1 9 5 5 and 1 8 9 9 - 1 9 1 5 were s e l e c t e d 
f o r Mexico and the U . S . A . , r e s p e c t i v e l y „ In g e n e r a l we were 
a b l e t o o b t a i n data f o r these y e a r s : and in those cases where 
o n l y s c a t t e r e d years were q u a n t i f i e d , the curves were p l o t t e d 
and the va lues i n t e r p o l a t e d to comple te the s e t s o f d a t a 0 
The s o u r c e s f o r Mexico d i f f e r e d w i d e l y and t h e r e f o r e those 
which seemed most r e l i a b l e were c o n s u l t e d . 
The ru ra l -urban p o p u l a t i o n p r o p o r t i o n s are shown i n 
the f o l l o w i n g t a b l e s 
Table lc Rural-Urban Popu l a t i on P r o p o r t i o n s 
in Mexico and the U .S .A . 
Rural Pop. Urban Pop . 
Year Number % Number % T o t a l 
M 
1 9 4 0 12,757,411 6 4 * 9 6 , 8 9 6 , 5 8 9 35.1 1 9 , 6 5 4 , 0 0 0 
E 
1 9 5 0 14,806,623 5 7 . 4 1 0 , 9 8 4 , 5 9 4 4 2 . 6 2 5 , 7 9 1 . 0 1 7 
X 
1 7 
T a b l e 1 . ( C o n t i n u e d ) 
R u r a l Pop • U r b a n Pop 0 
Y e a r Number Number % T o t a l 
u 
Q 1 9 0 0 4 5 , 8 3 4 , 6 5 4 6 0 . 3 3 0 , 1 5 9 , 9 2 1 3 9 . 7 7 5 , 9 9 4 , 5 7 5 
O 
A 
1 9 1 0 4 9 , 9 7 3 , 3 3 4 5 4 . 3 4 1 , 9 9 8 , 9 3 2 4 5 - 7 9 1 , 9 7 2 , 2 6 6 
S o u r c e s : J . 0 . O c b o a , P o b l a c i o n , P r i m e r a E d i c i o n , M e x i c o , 
D . F . , F o n d o de C u l t u r a E c o n o m i c a , 1 9 5 5 , p . 3 7 . 
H i s t o r i c a l S t a t i s t i c s o f t h e U n i t e d S t a t e s , U . S„ 
D e p a r t m e n t o f Commerce , S e r i e s B 1 4 5 - 1 5 9 , p . 2 9 . 
The movement o f p o p u l a t i o n f r o m r u r a l t o u r b a n a r e a s 
i n d i c a t e s a s i m i l a r p a t t e r n o f g r o w t h f o r b o t h c o u n t r i e s s i n c e 
we r e a s o n a b l y assume i n d u s t r y a n d m a n u f a c t u r i n g t o be c o n ­
c e n t r a t e d i n u r b a n c e n t e r s , 
M e x i c a n m a n u f a c t u r i n g i n d u s t r y i s c o n s i d e r e d t o i n c l u d e 
t h e f o l l o w i n g s u b - c a t e g o r i e s : ( l ) c o t t o n t e x t i l e s , ( 2 ) 
w o o l e n , ( 3 ) r a y o n , ( 4 ) c l o t h i n g , ( 5 ) f l o u r m i l l i n g , ( 6 ) b e e r , 
( 7 ) c a n n i n g a n d p r o c e s s i n g f o o d s , ( 8 ) v e g e t a b l e o i l s , ( 9 ) 
s u g a r , ( 1 0 ) i r o n a n d s t e e l , ( 1 1 ) c e m e n t , ( 1 2 ) g l a s s , ( 1 3 ) 
s h o e s , ( 1 4 ) s o a p , ( 1 5 ) t o b a c c o , ( 1 6 ) m a t c h e s , ( 1 7 ) r u b b e r ^ , 
( 1 8 ) p a p e r , a n d ( 1 9 ) a l c o h o l , a n d v a r i o u s o t h e r i n d u s t r i e s 
w h i c h f a l l u n d e r t h e c a t e g o r y o f " T r a n s f o r m a t i o n I n d u s t r i e s " 
i n M e x i c a n s t a t i s t i c s . I n e v e r y c a s e , d a t a w e r e s e c u r e d a t ­
t e m p t i n g t o c o v e r s i m i l a r l y c l a s s i f i e d i n d u s t r i e s f o r b o t h 
c o u n t r i e s , 
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The whole o f the manufacturing i n d u s t r y , as in the 
case o f i t s s m a l l e r coun te rpa r t—the manufacturing f i rm— 
r e v o l v e s about economic as w e l l as i n s t i t u t i o n a l f a c t o r s . 
Data that might r e f l e c t such complex f a c t o r s have been c o l ­
l e c t e d . Those tha t appear t o be more r e l e v a n t are t abu la t ed 
b e l o w . The o t h e r data w i l l be found in the Appendix in 
Tab le 16 through Table 2 4 . 
The s e t t i n g o f manufacturing i s c l a r i f i e d f u r t h e r i f 
we o b s e r v e the f o l l o w i n g phenomena? 
(1) Investment in manufactur ing i ndus t ry as a pe r 
cen t o f t o t a l n a t i o n a l i nves tmen t . 
(2) C o n t r i b u t i o n by manufactur ing t o g r o s s n a t i o n a l 
p r o d u c t . 
(3) Employment in manufacturing as compared t o o t h e r 
s e c t o r s . 
( 4 ) O v e r a l l index o f p h y s i c a l volume o f p r o d u c t i o n 
in manufac tur ing . 
(5) P r o d u c t i v i t y index based on p h y s i c a l output and 
manufactur ing employment i n d i c e s . 
The p e r c e n t investment in manufactur ing i n d u s t r y i n 
Mexico f o r 1939 - 1950 was 22 pe r cen t and approx ima te ly the 
same f o r the U . S . A . f o r 1899 - 1915. 
The c o n t r i b u t i o n s t o g r o s s n a t i o n a l p roduc t f o r the 
same p e r i o d s were 17 and 20 pe r cen t f o r Mexico and the U.S.A 
r e s p e c t i v e l y . 
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Table 2 g i v e s an i n t e r e s t i n g p i c t u r e o f the employment 
in manufactur ing r e l a t i v e t o the g a i n f u l l y employed p o p u l a t i o n . 
Table 2 . Manufacturing and A g r i c u l t u r e s 
D i s t r i b u t i o n o f G a i n f u l l y Employed Popu la t i on 





A g r i c u l t u r e 
Number Number $ 









1 9 ^ 0 
1 9 5 0 
1 9 0 0 
1 9 0 9 
6 3 0 1 2 3 * 6 2 6 6 8 
9 7 3 1 2 4 , 8 2 4 5 8 
6 , 0 9 0 2 1 
8 , 4 4 6 2 2 
9 , 5 5 2 
1 1 , 5 9 9 
3 3 
3 1 
5 , 3 5 2 
8 , 3 4 6 
2 9 , 0 2 5 
3 7 , 4 5 4 
Sourcess United Nat ions Yearbook , 1 9 5 7 , Table 6 , p . 5 4 . 
United Nat ions Yearbook , 1 9 4 8 , Table 7 , p . 6 4 . 
H i s t o r i c a l S t a t i s t i c s o f the United S t a t e s 9 U. S 
Department o f Commerce, S e r i e s D b 2 - 7 b 5 p . 6 5 . 
The d i s c r e p a n c y between ru ra l -u rban p o p u l a t i o n p e r ­
cen tages and those d e s c r i b i n g the a c t u a l employment in 
a g r i c u l t u r e and manufactur ing were due to o t h e r s e c t o r s in 
the economy which absorb the d i f f e r e n c e in g a i n f u l l y employed . 
Most no tewor thy i s the s e c t o r o f commerce. The l a t t e r o c c u ­
p i e s a l a r g e pe rcen t age o f those g a i n f u l l y employed in 
Mexico which might o t h e r w i s e be p a r t i c i p a t i n g in manufactur ing 
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i n d u s t r y . Other s e c t o r s that deduct from the p o s s i b l e number 
o f workers that might be a s s o c i a t e d wi th manufacturing are 
mining and c o n s t r u c t i o n . However, Table 2 does p o i n t out that 
e q u a l i t y o f c i r cums tances as f a r as r e a l manufacturing 
p o t e n t i a l i s concerned does not e x i s t f o r the c o r r e s p o n d i n g 
p e r i o d s s t u d i e d . We would have to r e t r a c e our s t ep s to 
c o n d i t i o n s in the U .S .A . in the l 8 6 0 ' s . This has been 
brought out c l e a r l y by M. German Parra , a no ted Mexican 
e c o n o m i s t . There i s a c o u n t e r - b a l a n c i n g f a c t o r , however , 
tha t would reduce the d i f f e r e n c e in s t a t e s o f development 
and that i s the l e v e l o f t e c h n o l o g y . Techniques and methods 
that were not a v a i l a b l e a t the beg inn ing o f the cen tu ry are 
a v a i l a b l e today to e v o l v e an a c c e l e r a t i n g growth o f i n d u s t r y . 
As a f i n a l comment, the tendency f o r Mexico to f o l l o w the 
l i n e o f t r ans fo rma t ion from an a g r i c u l t u r a l t o an i n d u s t r i a l 
economic s t r u c t u r e i s i n d i c a t e d by the d e c r e a s e in employ­
ment1 i n a g r i c u l t u r e from 1940 t o 1 9 5 0 . A l l o t h e r e v i d e n c e 
c l e a r l y suppor t s t h i s t r a n s i t i o n . 
Again an ana logy may be drawn between smal l s c a l e 
o p e r a t i o n s and the aggrega te manufactur ing " p l a n t . " In 
de te rmin ing a l t e r n a t i v e methods o f p r o d u c t i o n and a n a l y z i n g 
the g e n e r a l c o n d i t i o n o f o p e r a t i o n s o f an e n t e r p r i s e , we 
might l o o k i n to s 
( 1 ) Output per worker 
( 2 ) Output per u n i t o f c a p i t a l i n v e s t e d 
(3) Amount o f l a b o r per u n i t o f output 
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( 4 ) Amount o f c a p i t a l input per u n i t o f output 
( 5 ) R a t i o o f c a p i t a l per worker 
From p h y s i c a l i n d i c e s o f p r o d u c t i o n we have c a l c u l a t e d 
the c o e f f i c i e n t s o f p r o d u c t i o n f o r manufactur ing i ndus t ry in 
Mexico and the U . S . A . , as shown in Table 3 . 
Let 
C = Accumulated c a p i t a l a d d i t i o n s t o f i x e d c a p i t a l 
(machinery and equipment) 
P = P h y s i c a l volume o f p r o d u c t i o n 
L • Wage ea rners in manufactur ing i ndus t ry 
A l l i n d i c e s are c a l c u l a t e d with 1 9 3 9 - 1 0 0 and 1 8 9 9 • 1 0 0 as 
base y e a r s . 
The s l i g h t l y h ighe r p r o d u c t i v i t y f o r Mexico ( P / L ) , o r 
e s t ima te o f the output pe r worker , i s p r o b a b l y due to the 
advantage o f a much improved t e c h n o l o g y o v e r that which 
e x i s t e d in the f i r s t decade o f the c e n t u r y . 
Of the o b v i o u s p o i n t s brought out by Table 3 , we no te 
the c a p i t a l - i n t e n s i v e nature o f i n d u s t r i a l development in 
M e x i c o . The r a t i o s C/P and C/L g i v e such an i n d i c a t i o n . 
However, the P/C r a t i o might i n d i c a t e e x c e s s c a p a c i t y f o r 
u n d e r - u t i l i z e d equipment a n d / o r i n e f f i c i e n t use o f i n s t a l l e d 
f a c i l i t i e s . The P/L r a t i o should be p r o p o r t i o n a t e l y h ighe r 
i f f u l l advantage were be ing taken o f cu r r en t ( 1 9 5 0 ) t e c h n o ­
l o g y in the p r o c e s s , manager ia l , and a d m i n i s t r a t i v e a r e a s . 
In the United S t a t e s , g iven the s low i n c r e a s e in p r o d u c t i v i t y 
( P / L ) , the p r o p o r t i o n a l i t y o f the v a r i o u s f a c t o r s i s more 
T a b l e 3 . C o e f f i c i e n t s o f P r o d u c t i o n 
M e x i c o ( 1 9 3 9 - 1 9 5 0 ) U . S . A . ( 1 8 9 9 - 1 9 1 0 ) 
Y e a r P/C L / P C/P C / L P / L Y e a r P/C L / P C/P C / L P / L 
1939 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1899 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 
1 9 4 0 . 5 6 1 . 0 1 1 . 7 9 1 . 7 8 . 9 9 1900 . 9 4 1 . 0 4 1 . 0 6 1 . 0 2 . 9 6 
1 9 4 1 . 4 2 . 9 5 2 . 3 5 2 . 5 0 1 . 0 5 1901 *98 , 9 8 l t 0 2 l s 0 4 1 , 0 2 
1942 . 4 0 . 9 2 2 . 4 7 2 . 7 0 1 . 0 8 1902 1 . 0 0 . 9 7 1 . 0 0 1 . 0 3 1 . 0 3 
1943 . 3 4 . 9 5 2 . 9 4 3 . 1 2 1 . 0 5 1903 . 9 4 . 9 9 1 . 0 6 1 . 0 6 1 . 0 1 
1944 . 2 8 . 9 3 3 . 5 1 3 . 8 4 1 . 0 7 1904 . 8 8 . 9 5 1 . 1 3 1 . 1 9 1 . 0 5 
1 9 4 5 . 2 3 . 8 9 4 . 3 4 5 . 0 0 1 . 1 2 1905 . 9 6 . 8 7 1 . 0 4 1 . 1 9 1 . 1 5 
1 9 4 6 . 1 7 . 9 1 5 . 7 4 6 . 2 5 1 . 0 9 1906 . 9 3 . 8 8 1 . 0 7 1 . 2 2 1 . 1 4 
1 9 4 7 . 1 2 . 9 2 8 . 1 0 9 . 0 9 1 . 0 8 1 9 0 7 . 8 6 . 9 1 1 . 1 6 1 . 2 8 1 . 1 0 
1 9 4 8 . 1 0 . 9 2 9 . 4 8 1 0 , 0 0 1 . 0 8 1908 . 6 8 . 9 6 1 . 4 7 1 . 5 3 1 . 0 4 
1 9 4 9 . 1 0 . 9 0 1 0 . 2 1 1 1 . 1 1 1 . 1 1 1909 . 7 8 . 9 0 1 . 2 8 1 . 4 1 1 . 1 1 
1 9 5 0 . 1 0 . 8 4 1 0 . 0 7 1 2 . 5 0 1 . 1 9 1910 . 7 6 . 9 0 1 . 3 1 1 . 4 4 1 . 1 1 
S o u r c e s ? Com i s i o n M i x t a , E l D e s a r r o l l o E c o n o m i c o de M e x i c o , Na c l o n a l 
F i n a n c i e r a S 0 A C , Fondo de C u l t u r a E c o n o m i c a , 1 9 5 3 , p . 2 3 1 . 
D o u g l a s , P o H . 5 T h e o r y o f W a g e s , 1 s t E d . , New Y o r k , The M a c M i l l a n 
Company , 1 9 3 4 , T a b l e 0 , p . 1 2 1 . 
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ba lanced as i s t o be e x p e c t e d . We p o i n t e d out p r e v i o u s l y 
that there do e x i s t b a s i c d i s s i m i l a r i t i e s in the p e r i o d 
s t u d i e d . 
Mention may be made o f f u r t h e r d i f f e r e n c e s , some o f 
which come under the c l a s s i f i c a t i o n o f i n s t i t u t i o n a l f a c t o r s . 
They a r e . (1) s av ing h a b i t s . (2) e d u c a t i o n a l and t r a i n i n g 
f a c i l i t i e s , (3) s i z e o f the market , (4) t r a n s p o r t a t i o n , 
(5) c r e d i t and c a p i t a l a v a i l a b i l i t y , (6) e n t r e p r e n e u r s h i p , 
(7) r e s o u r c e a v a i l a b i l i t y , (8) t a x a t i o n , (9) i n d u s t r i a l r e ­
search and exchange o f i n f o r m a t i o n , and (10) o t h e r s o c i o l o g i ­
c a l f a c t o r s . 
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CHAPTER I V 
CONSTRUCTION OF THE MODELS 
H a v i n g c h o s e n t h e p e r i o d s , we p r o c e e d w i t h t h e d e v e l o p ­
m e n t o f a m a t h e m a t i c a l m o d e l i n o r d e r t o q u a n t i f y t h e p r o d u c ­
t i o n r e l a t i o n s h i p s . The c o n c e p t u a l f r a m e w o r k o f t h e m a n u ­
f a c t u r i n g u n i t i s t o be t r a n s l a t e d i n t o b r o a d e r t e r m s , 
b e c a u s e i n s o f a r as i n p u t a n d o u t p u t a r e c o n c e r n e d , t h e 
m e c h a n i s m i s e s s e n t i a l l y t h e s a m e . I n t h e r e a l m o f t h e 
p l a n t we d e a l w i t h i n p u t s s u c h ass 
( 1 ) C a p i t a l ( f i x e d , w o r k i n g ) 
( 2 ) M a t e r i a l s ( r a w , s e m i - f i n i s h e d ) 
(3) L a b o r 
( 4 ) Management ( o r g a n i z a t i o n a l t e c h n i q u e s , a p p l i c a ­
t i o n a n d d e v e l o p m e n t o f e x i s t i n g t e c h n o l o g y , e t c . ) 
( 5 ) Power 
We may v i s u a l i z e an i n p u t - o u t p u t s y s t e m w i t h a s i m p l e 
i c o n i c m o d e l , 
INPUT TRANSFORMING UNIT OUTPUT 





F i g u r e 1 0 . I c o n i c M o d e l o f P r o d u c t i o n 
P L A N T PRODUCT 
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A t r ans forming u n i t , i . e . the p l a n t , i s f ed p r o d u c t i o n f a c t o r s 
( i n p u t s ) f o r the purpose o f c r e a t i n g an output o r p r o d u c t . 
This i s a rudimentary concep t and i s the b a s i s o f our a n a l y s i s . 
In the a n a l y s i s o f manufactur ing i n d u s t r y as a macro 
sys tem, our input components are c o n s i d e r e d in terms o f 
q u a n t i f i a b l e f a c t o r s in the a g g r e g a t e . I t i s w e l l t o no te 
that i n s t i t u t i o n a l f a c t o r s are always e x e r c i s i n g t h e i r i n ­
f l u e n c e , but t h e i r ve ry nature makes them u n q u a n t i f i a b l e . 
Such f a c t o r s are management and the s t a t e o r development o f 
t e c h n o l o g y . We w i l l comment on these l a t e r . * 
The fundamental f a c t o r s chosen are then? 
( 1 ) T o t a l c a p i t a l investment 
( 2 ) Wages and s a l a r i e s 
( 3 ) Raw m a t e r i a l consumption 
( 4 ) Power consumption 
The endogenous v a r i a b l e we wish t o i n v e s t i g a t e i s our p roduc t 
o r , in t h i s c a s e , manufactur ing o u t p u t . The f a c t o r s are no t 
a l l - i n c l u s i v e , but r e p r e s e n t the e s s e n t i a l inpu ts in manu­
f a c t u r i n g i n d u s t r y . For an e x p l o r a t o r y i n v e s t i g a t i o n in the 
a g g r e g a t e they are r e a d i l y measurab le . I f a s i n g l e f i rm 
were to be a n a l y z e d , a more minute breakdown would seem 
a d v i s a b l e . Fur thermore , with a r e g r e s s i o n model r e l a t i n g 
inpu t s and o u t p u t , i t i s recommended that the number o f 
v a r i a b l e s be reduced t o a p r a c t i c a l minimum t o a v o i d l o s s o f 
a c c u r a c y in the p r e d i c t i v e o r s t r u c t u r a l mode l . 
* l n f r a . , p . 2 7 . 
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At t h i s p o i n t we o b s e r v e that a c l a s s i c a l f u n c t i o n o f 
the f o l l o w i n g type may be a p p l i e d to a s s o c i a t e the component 
pa r t s o f our systems 
Output = f ( i n p u t s ) ( 1 9 ) 
Manufacturing output « f ( X - ^ X 2 , * 0 ° X n ) ( 2 0 ) 
where n = number o f inputs 
The measurement o f each input f a c t o r should be o r i e n t e d 
toward s a t i s f y i n g the requi rements o f our l a r g e r p roduc ing 
un i t—the whole o f manufacturing i n d u s t r y . The u n i t s o f each 
v a r i a b l e were chosen in the cu r r ency o f the p a r t i c u l a r 
c o u n t r y i n v o l v e d ( p e s o s and d o l l a r s ) . For both models 
(Mexico and the U . S . A . ) , data were o b t a i n e d f o r each f a c t o r 
by i n t e r p o l a t i n g f i t t e d cu rves t o i s o l a t e d f i g u r e s a v a i l a b l e 
o v e r the r e s p e c t i v e p e r i o d s s t u d i e d . The o b v i o u s nature o f 
the growth and development t e n d e n c i e s w i th in both n a t i o n s 
s i m p l i f i e d the c o l l e c t i o n o f data by t h i s method. 
T o t a l c a p i t a l investment f i g u r e s i n c l u d e a l l f i x e d 
a s s e t inves tment a t cu r r en t p r i c e s wi th the e x c e p t i o n o f l a n d . 
We c o n s i d e r in t h i s i tem that c a p i t a l which a i d s d i r e c t l y 
in the p r o d u c t i o n o f g o o d s , and t h i s becomes our c r i t e r i o n 
f o r measuring t h i s f a c t o r . The va lue o f wages and sa lar ies^ , 
raw m a t e r i a l , and power consumed by manufacturing were o b ­
t a ined by methods s i m i l a r l y employed f o r c a p i t a l inves tment„ 
The more r e l i a b l e s o u r c e s were chosen at the w r i t e r B s 
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d i s c r e t i o n and r a r e l y were the data a v a i l a b l e f o r s u c c e s s i v e 
years f o r the p e r i o d s i n v e s t i g a t e d . Enough o b s e r v a t i o n s were 
a v a i l a b l e , however , t o determine curve c h a r a c t e r i s t i c s i n 
each c a s e . 
We have t o contend wi th two long- run d i s t u r b a n c e s that 
would a f f e c t our i npu t -ou tpu t f u n c t i o n . They ares ( 1 ) t ime , 
the dynamic f a c t o r , and ( 2 ) the changing va lue o f money. 
We i n c l u d e time as a f a c t o r a b s o r b i n g the advances in 
management and t e c h n o l o g y and o t h e r f a c t o r s not c o n s i d e r e d 
e x p l i c i t l y in our a n a l y s i s . Time i s not a c ausa l f a c t o r in 
i t s e l f . The e f f e c t o f the va lue o f money was compensated 
f o r by d e f l a t i n g a l l data in both models by the purchas ing 
power i n d i c e s wi th 1 9 3 9 * 1 0 0 and 1 8 9 9 = 1 0 0 as base y e a r s . 
The aggrega te s t u d y , as imp l i ed by the comments made 
t o t h i s p o i n t , i s f a c i l i t a t e d by the use o f index numbers. 
A l l data have been t ransformed to the i n d i c e s with 1 9 3 9 a ^c l 
1 8 9 9 as base years o f one-hundred . This a p p l i e s to dependent 
and independent v a r i a b l e s . I t was found that pe rcen t age 
changes are more meaningful than na tu ra l numbers in p r o d u c ­
t i o n a n a l y s i s . 
The next s t e p was t o p l o t each o f the o u t p u t - i n p u t 
r e l a t i o n s h i p s t o a s c e r t a i n the p r o d u c t - f a c t o r f u n c t i o n r e l a ­
t i o n s h i p s . 
The v a r i o u s time s e r i e s f o r Model I - Mexico were 
h i g h l y i r r e g u l a r . Refe rence t o the p l o t s in F igures 1 1 - 14 
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Log o f C a p i t a l Investment 
F igure 1 1 . R e l a t i o n o f Manufacturing Output and C a p i t a l 
Investments Mexico 
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L o g o f Wages a n d S a l a r i e s 
F i g u r e 1 2 . R e l a t i o n o f M a n u f a c t u r i n g O u t p u t 
a n d Wages a n d S a l a r i e s ? M e x i c o 
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Log o f Raw Mate r i a l Consumption 
F igure 1 3 . R e l a t i o n o f Manufacturing Output 
and Raw Mate r i a l Consumptions Mexico 
o , 1 
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Log o f E l e c t r i c Energy Consumption 
F igure 1 4 . R e l a t i o n o f Manufacturing Output 
and E l e c t r i c Energy Consumptions Mexico 
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Graphic S c a f f o l d i n g Method. The method e n t a i l s b r i e f l y the 
f o l l o w i n g s t e p s ; 
( 1 ) Assume a r ea sonab l e curve t o d e s c r i b e the p r o d u c t -
f a c t o r p l o t . 
( 2 ) The e y e - f i t t e d curve should pass through the 
mean o f the two s e r i e s . 
(3) Each o b s e r v a t i o n i s measured f o r i t s d e v i a t i o n 
from the h y p o t h e s i z e d r e l a t i o n s h i p . 
( 4 ) These d e v i a t i o n s are p l o t t e d from a z e r o base 
l i n e as shown in F igure 1 5 . 
( 5 ) A new s e t o f o b s e r v a t i o n s i s o b t a i n e d f o r which 
an es t ima ted curve i s f i t t e d by eye t o s a t i s f y 
the new p l o t . 
( 6 ) The r e s u l t i n g curve g i v e s us the c h a r a c t e r i s t i c s 
o f the time element in the da t a , i . e . , l i n e a r 
o r p a r a b o l i c . 
( 7 ) The d e v i a t i o n s o f o b s e r v a t i o n s from the f i t t e d 
curve on t h i s new p l o t a re r e p l o t t e d on the p l o t 
o f o r i g i n a l data to o b t a i n c o r r e c t e d o b s e r v a t i o n s 
( a f t e r the e x c l u s i o n o f t i m e ) . 
( 8 ) The m o d i f i e d o b s e r v a t i o n s a c c o r d i n g t o s t e p ( 6 ) 
are s c r u t i n i z e d f o r adequacy o f f i t o f the hypo­
t h e s i z e d f u n c t i o n in the o r i g i n a l d a t a . 
We h y p o t h e s i z e d a l i n e a r f i t in the l o g a r i t h m i c t r a n s ­
fo rmat ion o f each p r o d u c t - f a c t o r p l o t f o r the Mexican d a t a . 







1 2 - , 
7 
pr ' V ^ e a t + b t 2 / 
/ 
Notes The va lue pq i s o b t a i n e d 
from F igure 1 2 . 
The va lue pr i s o b t a i n e d 
from F igure 1 5 . 
Then the quan t i t y pq -p r 
i s r e p l o t t e d on the 
o r i g i n a l g raph , i . e . , 
F igure 1 2 , to v e r i f y 
f i r s t h y p o t h e t i c a l f i t . 
F igure 1 5 . Graphic S c a f f o l d i n g Method 
f o r F igure 1 2 
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and t h e r e f o r e time was c o n s i d e r e d t o e n t e r as a second degree 
term a c c o r d i n g t o the method o f S c h u l t z . ^ The c o r r e c t e d o b ­
s e r v a t i o n s were found s a t i s f a c t o r y a f t e r e l i m i n a t i n g the time 
element and we t h e r e f o r e a c c e p t e d each p r o d u c t - f a c t o r a s s o c i a ­
t i o n as l i n e a r in the l o g a r i t h m i c t r a n s f o r m a t i o n . 
The data f o r the U . S . A . were immediate ly l i n e a r in 
the l o g a r i t h m i c t r ans fo rma t ion wi th the e x c e p t i o n o f the 
p r o d u c t - f a c t o r p l o t f o r manufactur ing ou tpu t -power consumption 
as shown in F igures 16 - 1 9 . The nature o f the l a t t e r r e l a ­
t i o n s h i p was found to be p a r a b o l i c in the t h i r d d e g r e e . For 
the U .S .A . , , time as a f a c t o r was again i n v e s t i g a t e d by the 
method d e s c r i b e d a b o v e . There a r o s e an i n t e r e s t i n g problem 
a t t h i s p o i n t . The s c a t t e r o f the d e v i a t i o n p l o t s d i d no t 
i n d i c a t e a s p e c i f i c f u n c t i o n f o r t i m e . The time s e r i e s c o u l d 
no t be d e v o i d o f a dynamic f a c t o r and ano ther p rocedure based 
Q 
on T i n t n e r was employed . Each v a r i a b l e was p l o t t e d a g a i n s t 
time in the l o g a r i t h m i c t r ans fo rma t ion with the o r i g i n a l 
index d a t a . In e v e r y case we obse rved a p a r a b o l i c r e l a t i o n ­
s h i p as shown in F igure 2 0 . We c o n c l u d e d that time shou ld 
e n t e r in j u s t such a form, i . e . , p a r a b o l i c in ou r r e g r e s s i o n 
f u n c t i o n . Our c u r i o s i t y i s a roused by the comparison to be 
o b t a i n e d by us ing these two approaches in a n a l y z i n g the time 
f a c t o r . I t was d e c i d e d tha t the f i n a l models would be ou r 






Log o f C a p i t a l Investment 
F igure l 6 „ R e l a t i o n o f Manufacturing Output 
and C a p i t a l Investments U . S o A . 
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Log o f Wages and S a l a r i e s 
F i g u r e 1 7 . R e l a t i o n o f M a n u f a c t u r i n g O u t p u t 
and Wages and S a l a r i e s : U .S # A„ 
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00* 1 1 1 1 1 1 
* 2 . 0 0 2 . 0 4 2 . 0 8 2 . 1 2 2.16 2 . 2 0 2 . 2 4 
Log o f Raw Mate r i a l Consumption 
F igure 18. R e l a t i o n o f Manufacturing Output 
and Raw Mate r i a l Consumptions U . S . A . 
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Figure 1 9 . R e l a t i o n o f Manufacturing Output 
and E l e c t r i c Energy Consumptions U.S .A„ 
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Log o f Time 
F igure 2 0 . R e l a t i o n o f Manufacturing 
Output and Times U .S .A . 
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Let 
P = va lue o f manufactur ing output 
C • va lue o f c a p i t a l inves tment 
W = va lue o f wages and s a l a r i e s 
R « va lue o f raw m a t e r i a l s 
E = va lue o f e l e c t r i c a l energy o r power 
t * time (wi th 1 9 3 9 f o r Mexico and 1 8 9 9 f o r the 
U..S.A. as the o r i g i n ) . 
We have seen that our i npu t -ou tpu t system may be d e f i n e d ass 
Manufacturing Output « f (X-^ X 2 * 0 0 0 X n ) ( 2 1 ) 
then 
P - f ( C , W, R, E , t ) ( 2 2 ) 
f o r Models I ( M e x i c o ) and I I ( U . S . A . ) . 
Our dynamic p r o d u c t i o n f u n c t i o n takes the h y p o t h e t i c a l 
forms 
P - a C ^ W P R A E * t € ( 2 3 ) 
This f u n c t i o n i s b a s i c a l l y o f the Cobb-Douglas t y p e . Some 
fu r t he r reasons f o r our c h o i c e o f such a f u n c t i o n ares 
( 1 ) I t y i e l d s p r o d u c t i o n e l a s t i c i t i e s r e a d i l y . 
( 2 ) The phenomenon o f d e c r e a s i n g , i n c r e a s i n g , o r c o n ­
s t an t r e tu rns i s e x h i b i t e d wi th the use o f the 
l e a s t c o m p l i c a t e d f u n c t i o n . 
( 3 ) I t i s a p p l i c a b l e t o our index da t a , ou r m u l t i p l e 
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i n p u t s , and r e a d i l y p e r m i t s t h e s t u d y o f c h a n g e s 
i n f a c t o r s . 
( 4 ) P r e v i o u s r e s e a r c h f o u n d i t t o b e a d a p t a b l e t o 
m u l t i p l e r e g r e s s i o n t e c h n i q u e s i n t h e l o g a r i t h m s 
The two m o d e l s s p e c i f i c a l l y s y n t h e s i z e d f o r e a c h 
c o u n t r y w i t h t h e i r f o u n d a t i o n on t h e a n a l y s i s o f t h e f a c t o r s 
a s d e s c r i b e d i n t h i s s e c t i o n a r e ; 
(1) Mode l I - M e x i c o (1939 - 1955) 
L e t X1 = l o g P X^ = l o g E 
Xp = l o g C X(z = Mt* 2 I U 6 ^ 6̂ 
X 3 = l o g W Xrj = M t 2 * 
Xu = l o g R k Q * l o g a 
M = l o g 1 0 e * 
We have t h e n 
Log P = Log a + oc Log C + (3 Log W 
+ A L o g R + 8 Log E + ^ Mt 
+ 4>Mt2 ( 2 4 ) 
o r 
x x - k 0 + O < x 2 + (? x 3 + a x 4 
+ 6" X 5 + € X 6 + * X 7 (25) 
and i n t h e m u l t i p l i c a t i v e fo rms 
P = acT l / R * KS e e t + * * 2 (26) 
* 
S c h u l t z p r e s c r i b e s t h e " u s e o f t h e s e e l e m e n t s 
The m e t h o d o l o g y o f G r a p h i c S c a f f o l d i n g a s d e s c r i b e d b y 
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Model I I - U . S . A . (180,9 - 1915) 
Let X1 = l o g P Xg = ( l o g E ) 2 
Xg = l o g C X 7 - ( l o g E ) 3 
X^ = l o g W Xg = l o g t 
X4 - l o g R X 9 = ( l o g t ) 2 
X^ = l o g E k Q = l o g a 
and i f we r e c o l l e c t that the two m o d i f i c a t i o n s in 
t h i s model as compared t o Model I - Mexico ares 
( a ) Log P = f (Log E) = a + Log E 
+ (Log E ) 2 + (Log E ) 3 (27) 
( b ) Log P = f (Log t ) = a + Log t 
+ (Log t ) 2 (28) 
we have 
Log P = Log a + c< Log C + (3 Log W 
+ A Log R + S Log E + € (Log E ) 
+ $ (Log ' E ) 3 + I Log t 
+ K(Log t ) 2 (29) 
o r 
x l " % + °< x 2 + P x 3 + * x 4 + ^ x 5 
+ £ X 6 + f> X ? + IXQ + K X 9 (30) 
and in the m u l t i p l i c a t i v e forms 
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P = aC c* W1* R * E * 1 0 « ( ^ S = ) 2 
1 0 # ( L o g E ) 3 t I 1 Q K ( L 0 g t ) 2 (31) 
We are now in a p o s i t i o n to p r e d i c t the t o t a l output 
curve o r s u r f a c e as a r e g r e s s i o n e q u a t i o n . The r e g r e s s i o n 
c o e f f i c i e n t s o r e l a s t i c i t i e s are to be s o l v e d by means o f 
m u l t i p l e r e g r e s s t i o n methods. The IBM 6 5 O e l e c t r o n i c com­
puter was used f o r t h i s purpose with the a s s i s t a n c e o f the 
M u l t i p l e R e g r e s s i o n Sub-Rout ine S T - 01 0 This s u b - r o u t i n e 
s u p p l i e s the f o l l o w i n g in format ion? ( l ) mean o f each f a c t o r 
time s e r i e s , (2) s tandard e r r o r o f each f a c t o r , (3) p a r t i a l 
c o r r e l a t i o n c o e f f i c i e n t s , (4) r e g r e s s i o n c o e f f i c i e n t s , (5) 
standard e r r o r o f r e g r e s s i o n c o e f f i c i e n t s , (6) z e r o - o r d e r 
c o r r e l a t i o n ma t r ix , and (7) p r e d i c t e d va lue s f o r the endo ­
genous v a r i a b l e in our r e g r e s s i o n mode l . 
The models d e v e l o p e d appear b e l o w ; 
Model 1 - Mexico (1939 - 1955) 
X-L = 0.43040 + 0 . 5 l 4 5 6 x 2 - 0 . 4 l 4 9 3 x 3 
+ 0.33686x 4 + 0.31929X 5 + 0 . 1 0 1 4 0 X , 
- 0.00372X 7 (32) 
o r 
P 2 o 6940C° -5 i456 w ~ 0 . 4 i 4 9 3 R 0.33686 
E 0.31929 e 0 . 1 0 l 4 0 t - 0 . 0 0 3 7 2 t 2 (33) 
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Model I I - U.S .A. ( 1 8 9 9 - 1 9 1 5 ) 
X1 = 2 . 8 6 7 6 5 + 0 . 1 6 1 9 5 X 2 + 0 . 3 9 5 3 7 X 3 
+ 0 .37697X 4 + 3.81074X 5 - 1 . 6 l 2 7 3 X 6 
+ O . 2 2 8 5 7 X 7 - 0.00718X 8 - 0.02027X 9 ( 3 4 ) 
o r 
P = 0 . 0 0 7 3 7 c 0 <> l 6 195 w 0 . 3 9 5 3 7 R 0 . 3 7 6 9 7 
E 3 o 8 l 0 7 4 1 0 - l 6 6 l 2 7 3 ( L o g E ) 2 
1 Q 0 0 2 2 8 5 7 ( L o g E ) 3 t - 0 . 0 0 7 1 8 
1 0 - 0 . 0 2 0 2 7 ( L o g t ) 2 
The a n a l y s i s o f the models I s c o n s i d e r e d In the next 
c h a p t e r . 
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CHAPTER V 
ANALYSIS OF THE MODELS 
The a n a l y s i s o f our models should be o r i e n t e d so as 
to permit sound c o n c l u s i o n s . Fur thermore, we must keep in 
mind that our o b j e c t i v e i s t o f i n d which r e l e v a n t f a c t o r s 
came i n t o p l a y in the development and growth o f manufacturing 
output in each coun t ry dur ing the p e r i o d s s t u d i e d „ This i n ­
v e s t i g a t i o n i s compara t ive i n s o f a r as we can i s o l a t e the 
b a s i c d i f f e r e n c e s as brought out by the model s t r u c t u r e s . 
1 . The g o o d n e s s - o f - f i t o f our output s u r f a c e i s 
e s t ima ted from the unbiased e s t ima te o f the va lue o f the 
s tandard e r r o r . 
S 1 . 2 . . n Jr=-rT ( 3 6 ) 
where 
S - unbiased s tandard e r r o r o f the e s t ima te 
N « number o f o b s e r v a t i o n s 
n « t o t a l number o f v a r i a b l e s 
_ 2 
Q z = v a r i a n c e o f r e s i d u a l s 
The c l o s e n e s s wi th which the e s t ima ted va lues agree with the 
o r i g i n a l va lues i s shown in Table 4 . 
2 . To o b t a i n the unbiased e s t ima te o f the m u l t i p l e 
c o r r e l a t i o n c o e f f i c i e n t s we a p p l y . 
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H ? . 2 . . n - l - J ( % ^ ) ( S - 1 ) / (37) 
where 
o - ad jus ted c o e f f i c i e n t o f m u l t i p l e 1.20 °n ° ^ r e g r e s s i o n 
0- 2 « s tandard e r r o r o f the dependent 
v a r i a b l e 
R1.2-n =L/ RLO2» «n (38) 
This w i l l g i v e us the p r o p o r t i o n o f the v a r i a t i o n in the 
dependent f a c t o r which can be e x p l a i n e d b y , o r i s a s s o c i a t e d 
w i t h , v a r i a t i o n in the independent f a c t o r s . We may then t e s t 
f o r the s i g n i f i c a n c e o f t h i s c o e f f i c i e n t (R^ 2«°n) a n c * t h e r e ­
f o r e that o f the l i n e a r r e l a t i o n s h i p e x i s t i n g in our r e ­
g r e s s i o n e q u a t i o n . The r a t i o 
F - RL»9--n ( N ' n ) (39) 
(1 - H £ . 8 . . n ) (n - 1) 
i s S n e d e c o r ' s "F" with (n - 1) and (N - n) degrees o f freedom 
We t e s t the n u l l h y p o t h e s i s 
V *1.2..n = 0 
with the a l t e r n a t e 
H l s R1.2°-n / 0 
I f we r e j e c t H n , our m u l t i p l e r e g r e s s i o n c o e f f i c i e n t i s 
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s i g n i f i c a n t l y d i f f e r e n t from z e r o and there e x i s t s a l i n e a r 
r e l a t i o n s h i p in our f u n c t i o n , i . e . , the g o o d n e s s - o f - f i t 
o b t a i n e d i s adequa te . 
3 . The square o f the c o e f f i c i e n t o f m u l t i p l e c o r r e ­
l a t i o n , R 2 , i s the c o e f f i c i e n t o f m u l t i p l e de t e rmina t ion 
which i n d i c a t e s that p r o p o r t i o n o f the v a r i a n c e in the 
dependent v a r i a b l e which has been mathemat ica l ly accoun ted 
o 
f o r . The c a l c u l a t e d va lues o f R and R are shown in Table 4 . 
4 . The p a r t i a l c o r r e l a t i o n c o e f f i c i e n t s ( r ^ j ) a r e 
measures o f the importance o f each o f the i n d i v i d u a l v a r i a b l e s 
taken s e p a r a t e l y , wh i l e s imu l t aneous ly a l l o w i n g f o r the 
v a r i a t i o n a s s o c i a t e d with the remaining independent v a r i a b l e s . 
To put i t in ano ther manner, these c o e f f i c i e n t s are an i n d i ­
c a t i o n o f the ex t en t to which that par t o f the v a r i a t i o n 
in the dependent v a r i a b l e which was not e x p l a i n e d by the 
o t h e r independent f a c t o r s can be e x p l a i n e d by the a d d i t i o n 
o f the new f a c t o r . We thus o b t a i n the r e l a t i v e imputed 
importance o f each f a c t o r as r e l a t e d to va lue o f manufactur-
ing o u t p u t . The c a l c u l a t e d va lues o f r-^ and r -y are 
shown in Table 5. 
5. The r e g r e s s i o n c o e f f i c i e n t s ( k - y ) a r e t o be t e s t e d 
f o r s i g n i f i c a n c e to j u s t i f y t h e i r e x i s t e n c e , s o - t o - s p e a k , 
w i t h i n the h y p o t h e s i z e d f u n c t i o n . The t e s t w i l l be a p p l i e d 
wi th a n u l l h y p o t h e s i s that in the p o p u l a t i o n the r e g r e s s i o n 
c o e f f i c i e n t i s z e r o as f o l l o w s ; 
Table 4 . M u l t i p l e C o e f f i c i e n t s f o r Reg re s s ion Models 
MODEL D E P « I N D * STD«ERROR COEFF.OF MULT. COEFF. OF MULT, 





C,W,R,E,Mt,Mt 2 0 . 0 0 9 9 8 0 . 9 9 3 0 1 0 . 9 8 6 0 4 3 
C , W , R , E , E 2 , E 3 , t , t 2 0 . 0 0 0 6 2 0 . 9 9 9 9 6 0 . 9 9 9 9 2 B 
a S i g n i f i c a n t l y d i f f e r e n t from z e r o at 1 pe r cen t l e v e l 
b S i g n i f i c a n t l y d i f f e r e n t from z e r o at . 1 pe r cent l e v e l 
Table 5 . R e l a t i v e Importance o f I n d i v i d u a l Fac to r s 
A f f e c t i n g Value o f Manufacturing Output as 
I n d i c a t e d by C o e f f i c i e n t o f P a r t i a l C o r r e l a t i o n 
MODEL I - MEX. MODEL I I - U .S .A. 
FACTOR3 
ADDED 
COEFF.OF PART. REDUC.IN 





PART. REDUC.IN UNFJCP. 
( r 1 J ) VARIANCE ( r . 2 , ) 
C 0 . 3 3 0 . 1 1 C 0 . 1 4 0 . 0 2 
W - 0 . 2 0 0 . 0 4 W 0 . 2 8 0 . 0 8 
R 0 . 1 6 0 . 0 3 R 0 . 5 0 0 , 2 5 
E O . 3 6 0 . 1 3 E 0 . 4 8 0 . 6 6 
Mt 0 . 5 3 0 . 7 3 E 2 - 0 . 4 6 
M t 2 - 0 . 6 7 E 3 0 . 4 6 
t - 0 . 2 1 0 . 3 5 
t 2 - O . 5 6 
A l l o t h e r f a c t o r s are c o n s i d e r e d , but t h i s i s the f a c t o r added which d i r e c t l y 
i n f l u e n c e s the r e d u c t i o n in the unexp la ined va r i ance o f the dependent va r iab le 
P by an amount equal t o r -^ . 
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H 0s c< = 0 ; P = 0 ; A =» 0 , e t c . 
where c*t , ft , X » e t c . , are the r e g r e s s i o n c o e f f i c i e n t s o f 
the p o p u l a t i o n . 
The a l t e r n a t e h y p o t h e s i s i s s 
H x : / 0; f / O j A / 0 , e t c . 
Formula 
t X j = b l J " I3 1J ( 4 0 ) 
i s used f o r the s i g n i f i c a n c e t e s t s , where 
^ k l j = s tandard e r r o r o f the r e g r e s s i o n 
c o e f f i c i e n t s . 
The t-^ are d i s t r i b u t e d as the S t u d e n t ' s "t" with (N - n ) d e ­
g r e e s o f f reedom. 
I f we should r e j e c t H Q , we w i l l c o n s i d e r the r e g r e s s i o n 
c o e f f i c i e n t s as s i g n i f i c a n t and can c o n c l u d e that the re p r o ­
b a b l y i s a l i n e a r r e l a t i o n s h i p between X-^, the dependent 
v a r i a b l e , and Xj (where j • 2 , 3 * ° ° n ) , the independent v a r i ­
a b l e s in q u e s t i o n . Our o b j e c t i v e w i l l be t o f i n d at what 
l e v e l they do become s i g n i f i c a n t . P lease r e f e r t o Tab les 6 
and 7o 
From the s t andpo in t o f manufactur ing p o l i c y , t e s t s o f 
s i g n i f i c a n c e i n d i c a t e when a g iven f a c t o r o f p r o d u c t i o n i s 
l i k e l y t o i n f l u e n c e the va lue o r amount o f the o u t p u t . 
T a b l e 6 . M o d e l I - M e x i c o . R e g r e s s i o n C o e f f i c i e n t s ( ^ j ) 
a n d T h e i r S t a n d a r d E r r o r s ( ^ b - . . ) 
C A P I T A L W A G E S - S A L . R A W M A T . P O W E R T I M E 
C W R E M t M t 2 
x 2 X 3 X 4 X 5 X 6 X 7 
R E G R E S S I O N C O E F F I C I E N T 0 O 5 1 4 5 6 - 0 . 4 1 4 9 3 0 . 3 3 6 8 6 0 , 3 1 9 2 9 0 , 1 0 1 4 0 - 0 , . 0 0 3 7 2 
S T A N D A R D E R R O R 0 . 4 6 0 4 4 0 . 6 2 8 9 9 0 , 6 5 0 1 3 0 , 2 5 9 8 6 0 , 0 5 0 7 4 0 , . 0 0 1 3 0 
t - V A L U E S l o 1 1 7 5 3 - 0 . 6 5 9 6 7 0 . 5 1 8 1 4 1 . 2 2 8 7 0 2 , 0 0 0 0 0 - 2 , . 8 6 1 5 3 
a b c d e f 
a S i g n i f i c a n t a t t h e 3 0 p e r c e n t l e v e l 
b S i g n i f i c a n t a t t h e 5 5 p e r c e n t l e v e l 
c S i g n i f i c a n t a t t h e 6 5 p e r c e n t l e v e l 
d S i g n i f i c a n t a t t h e 2 5 p e r c e n t l e v e l 
e S i g n i f i c a n t a t t h e 1 0 p e r c e n t l e v e l 
f S i g n i f i c a n t a t t h e 2 p e r c e n t l e v e l 
Table 7- Model I I - U . S . A . ; Regres s ion C o e f f i c i e n t s ( b - ^ ) 
and Their Standard Er ro rs ( ^ - b - y ) 
CAPITAL WAGES-SAL. RAW MAT, 
C W R 
POWER TIME 





REG.COEPP. 0 . 1 6 1 9 5 0 . 3 9 5 3 7 
STD.ERROR 0 . 3 8 9 7 9 0 . 4 8 6 3 8 
t-VALUES 0 . 4 1 5 4 8 0 . 8 1 2 8 8 
a b 
0.37697 3<>8l074 -1.61273 0.22857 - O . O O 7 1 8 -0.02027 
0.23357 2.49705 1.08787 1.57985 0.01172 O.OIO65 
1.61394 1.52609 -1.48246 0.14467 -0.61262 -1 . 9 0 3 2 8 
c d e f g h 
a S i g n i f i c a n t a t the 70 per cen t l e v e l 
b S i g n i f i c a n t a t the 45 per cen t l e v e l 
c S i g n i f i c a n t a t the 15 per cen t l e v e l 
d S i g n i f i c a n t a t the 20 per cent l e v e l 
e S i g n i f i c a n t a t the 20 per cen t l e v e l 
f S i g n i f i c a n t a t the 90 per cen t l e v e l 
g S i g n i f i c a n t a t the 55 per cen t l e v e l 
h S i g n i f i c a n t a t the 10 per cent l e v e l 
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I t i s p e r t i n e n t to p o i n t out that some o f the s t a t i s t i 
c a l ana lyses used have a dubious v a l i d i t y when we d e a l with 
smal l samples in time s e r i e s . 
6 . The e l a s t i c i t i e s o f p r o d u c t i o n wi th regard t o each 
p r o d u c t i o n f a c t o r o r independent v a r i a b l e are i n v e s t i g a t e d 
t o de termine the nature o f re tu rns a c c r u i n g t o each f a c t o r 
as the r e s t are he ld c o n s t a n t . 
The d e r i v a t i o n o f the e l a s t i c i t i e s f o l l o w s ? 
g i v e n 
ft x . . + e x n ( 4 1 ) 
then 
$ X-, ^ (Log o f Output) _ , 
"^"XT ~ ^ (Log o f Input ) ~ b l J 1 ^ j 
where 
b l j ~ r e & r e s s l ° n c o e f f i c i e n t o r e l a s t i c i t y . 
In i n v e s t i g a t i n g the nature o f r e tu rns to each f a c t o r 
we may i n q u i r e i f we have c o n s t a n t , d i m i n i s h i n g , o r i n ­
c r e a s i n g re tu rns to s c a l e . The f o l l o w i n g c o n d i t i o n s w i l l 
h o l d f o r each case r e s p e c t i v e l y ? 
i f b l J = i 
we have cons t an t r e tu rns f o r f a c t o r X 
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i f b l J < 1 
we have d imin i sh ing re tu rns f o r f a c t o r Xj 
l f \ 3 > 1 
we have i n c r e a s i n g re tu rns f o r f a c t o r Xj 
Along s i m i l a r l i n e s , the e n t i r e r e g r e s s i o n f u n c t i o n i s 
i n v e s t i g a t e d f o r the c h a r a c t e r i s t i c s o f r e tu rns but t ak ing 
a l l the primary f a c t o r s in c o m b i n a t i o n . The whole o f our 
equa t ion i s ana lyzed p roduc ing an o v e r a l l p i c t u r e o f manu­
f a c t u r i n g i n d u s t r y . The f o l l o w i n g c o n d i t i o n s would be a p p l i ­
c a b l e : 
n 
^ I f b l j - 1 
j=2 
we have t o t a l cons t an t r e tu rns 
n 
" b i j < l 
t o t a l r e tu rns i n c r e a s e a t a d e c r e a s i n g r a t e 
n 
j=2 
t o t a l r e tu rns i n c r e a s e a t an i n c r e a s i n g r a t e 
where j « 2 , • • * 9 n . 
The above a n a l y s i s p o i n t s to such a s p e c t s ass 
( a ) Emphasis on s t r e s s i n g l ow- re tu rn f a c t o r s w i th in 
the manufactur ing s e c t o r . 
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( b ) Crea t ing an awareness f o r problem areas as shown 
by unexpec ted o r malignant nature o f r e t u r n s . 
( c ) I n d i c a t i o n f o r optimum use o f r e s o u r c e s . 
( d ) O v e r a l l view o f the e f f i c i e n c y o f our "p l an t "— 
in t h i s case manufacturing i n d u s t r y . 
Be fo re such a n a l y s i s can take p l a c e , the model s t r u c t u r e s 
must be put in compara t ive form. The two models in the o r i ­
g i n a l form are as f o l l o w s ; 
Model I - Mex ico ; 
P = 2.6940C°-51 1+56 w - 0 . 4 1 4 9 3 R 0 .33686 
E 0 .31929 e 0 . 1 0 l 4 0 t - 0 . 0 0 3 7 2 t 2 (43) 
Model I I - U . S . A . ; 
P = 0 . 0 0 7 3 7 C 0 * l 6 l 9 5 w 0 ' 3 9 5 3 7 R°-37697 
E 3 . 8 l 0 7 4 1 0 - l , 6 l 2 7 3 ( L o g E ) 2 + 0 . 22857 ( L o g E)3 
t - 0 . 0 0 7 l 8 1 0 - 0 . 0 2 0 2 7 ( L o g t ) 2 ( 4 4 ) 
The power f a c t o r ( E ) in Model I I - U . S . A . should be 
m o d i f i e d to o b t a i n an equa t ion which w i l l be comparable in 
r e l a t i o n to e l a s t i c i t i e s . Re fe rence t o F igure 19 (page 38) 
w i l l show the p r o d u c t - f a c t o r r e l a t i o n s h i p t o b e ; 
Log P - a + Log E + (Log E ) 2 + (Log E ) 3 ( 45 ) 
I f we d e f i n e the e l a s t i c i t y o f p r o d u c t i o n t o b e ; 
e - P e r c e r r f c a g e i n c r e a s e in output 
pe rcen tage i n c r e a s e in input 
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we can e s t ima te the e l a s t i c i t y f o r the output - power input 
r e l a t i o n s h i p . This may be e x h i b i t e d by a s e r i e s o f " e l a s t i ­
c i t y rays" as shown below in F igure 2 1 . 
F igure 2 1 . " E l a s t i c i t y Rays" f o r Power Input 
The minimum e l a s t i c i t y , i . e . , the wors t p o s s i b l e c o n d i t i o n ^ 
i s the ray pa s s ing through the o b s e r v a t i o n s f o r the yea r 
1915 in ou r data f o r power i n p u t s . The e l a s t i c i t y f o r power 
input under these c o n d i t i o n s i s . 
e - 2 » g 3 5 5 3 . 0 . 8 8 9 9 6 
2 . 5 1 1 b b 
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I n c o m p a r a t i v e f o r m , t h e m o d i f i e d U . S . A . m o d e l c a n b e s t a t e d 
a s f o l l o w s ; 
M o d e l I I - U . S . A . ( m o d i f i e d ) ; 
P - 0 . 0 0 7 3 7 C o a 6 l 9 5 w O ° 3 9 5 3 7 R 0 . 3 7 6 9 7 
E 0 . 8 8 9 9 6 t - o . 0 0 7 1 8 1 0 - 0 . 0 2 0 2 7 ( L o g t ) 2 ( 4 6 
T a b l e s 8 a n d 9 s h o w t h e n a t u r e o f r e t u r n s f o r i n d i v i ­
d u a l a n d c o m b i n e d u s e o f p r o d u c t i v e f a c t o r s 0 
T a b l e 8 0 N a t u r e o f R e t u r n s f o r 





T a b l e 9 . N a t u r e o f R e t u r n s f o r 
C o m b i n e d U s e o f P r o d u c t i v e F a c t o r s a 
M O D E L I MEXo M O D E L I I - U . S . A . ( M o d . ) 
J«2 
n 
a T h i s i m p l i e s t h e c h a r a c t e r i s t i c o f r e t u r n s f o r t h e e n t i r e f u n c t i o n , ± e e e s t h e w h o l e o f m a n u f a c t u r i n g i n d u s t r y , , 
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7 . We can i n v e s t i g a t e the marginal c h a r a c t e r i s t i c s o f 
our power f u n c t i o n f o r Mexico (Model I - Mex ico ) in the f o l ­
lowing manner: 
~ - T * ^ V* * « + * t 2 
g i v e n the f u n c t i o n 
P = aC** W** R~ E" e 
( a ) The marginal p r o d u c t i v i t y (MP) o f C i s g iven by 
J L | = c o < C * - l ( 4 7 ) 
where 
aW^ E * e * t + < b t 2 e cons t an t = c 
( b ) The (MP) o f W i s 
3 p - d / S f w ^ - 1 
F * P €t+<)>t2 
% W 
where 
a C ~ R " E~ e " W T • " - cons t an t = d 
( c ) The (MP) o f R i s 
1 ^ = h A R * " 1 ( 4 9 ) 
where 
a C ^ E * e
 € t " 4 t 2 m cons t an t - h 
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( d ) The (MP) o f E i s 
~H - k €E <-I (50) 
where 
aC** w"3 e S t + * t 2 = cons t an t = k 
The c o n s t a n t s c , d , b , and k are eva lua t ed at the 
g e o m e t r i c a l means o f the inpu ts f o r a s p e c i f i c year t . We 
are then a b l e t o e s t ima te whether we have been us ing t o o much 
o r not enough o f a s p e c i f i c r e s o u r c e i f we s u b j e c t our (MP) 
v a l u e s t o the f o l l o w i n g c o n d i t i o n s . 
Let 
(MP)j = marginal p r o d u c t i v i t y o f f a c t o r " j " , 
P j = market p r i c e o f f a c t o r " j " , 
then i f 
( M P ) . , > p . , ( 5D 
more o f t h i s r e s o u r c e should be u s e d . 
I f 
( M P ) . < P 4 (52) 
s m a l l e r q u a n t i t i e s o f t h i s r e s o u r c e should be employed . 
The p j va lues are d i f f i c u l t t o o b t a i n f o r agg rega t e 
i n v e s t i g a t i o n s , but wi th b a s i c da t a , w e i g h t i n g f o r amount o f 
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m a t e r i a l o r wage earners in s p e c i f i c s e c t o r s , p r i c e l e v e l s 
approx imat ions t o a c t u a l P j ' s may be Obta ined , 
8. As a l a s t p o i n t o f a n a l y s i s , the s imple c o r r e l a t i o n 
c o e f f i c i e n t s r^-j (where i , j = 1, 2 • • • n) are t abu la t ed in 
Tab les 10 and 11 t o demonstra te the degree o f c o r r e l a t i o n b e ­
tween p a i r s o f v a r i a b l e s o r f a c t o r s . 
D i s c u s s i o n o f the mode l s , based on the a n a l y t i c a l 
methods o u t l i n e d in t h i s c h a p t e r , i s c o n s i d e r e d in the next 
c h a p t e r . 
Table 1 0 . Ze ro -Order C o r r e l a t i o n Matr ix 
f o r Model I - M e x i c o , 1 9 3 9 - 1 9 5 5 
va lue o f 
Mfg. Output 
x l 
T o t a l 
Cap. I n v e s t . 
x 2 
Wages & 








* 6 x 7 
x l 1 . 0 0 - 0 . 6 7 0 . 3 9 0 . 8 8 0 . 8 1 0 . 8 1 0 . 6 8 
x 2 1 . 0 0 0 . 0 0 - 0 . 5 8 - 0 . 7 7 - 0 . 9 5 -• O . 9 2 
x 3 1 . 0 0 0 . 7 1 0 . 5 6 0 . 2 8 O . 3 2 
x 4 1 . 0 0 0 . 8 6 O . 7 8 0 . 7 2 
X 5 
1 . 0 0 0 . 9 2 O . 9 2 
X 6 1 . 0 0 0 . 9 7 
x 7 1 . 0 0 
Table 1 1 . Ze ro -Order C o r r e l a t i o n Matr ix 
f o r Model I I - U . S . A . , 1 8 9 9 - 1 9 1 5 
Value o f To ta l Cap. Wages & Raw Mat. p o w e r consumption Time 
Mfg.Output I n v e s t . S a l a r i e s Consump. _ 
Xl x 2 x 3 x 4 X 5 X 6 x 7 
x l 1 . 0 0 0 . 9 9 0 . 9 9 0 . 9 9 0 . 9 0 0 . 8 9 0 . 8 8 O . 9 6 0 . 9 9 
x 2 1 . 0 0 0 . 9 9 0 . 9 9 0 . 8 9 0 . 8 8 0 . 8 7 0 . 9 7 0 . 9 9 
x 3 1 . 0 0 0 . 9 9 0 . 8 9 0 . 8 8 0 . 8 7 O . 9 6 0 . 9 9 
X 4 
1 . 0 0 0 . 9 0 0 . 8 9 0 . 8 8 O . 9 6 0 . 9 9 
X 5 
1 . 0 0 0 . 9 9 0 . 9 9 0 . 8 0 0 . 9 1 
X 6 1 . 0 0 0 . 9 9 0 . 7 9 0 . 9 0 
x 7 1 . 0 0 0 . 7 8 0 . 8 9 
X 8 1 . 0 0 0 . 9 6 




DISCUSSION OP THE MODELS 
The p e r t i n e n t o b s e r v a t i o n s on a n a l y s i s o f the r e s u l t s 
are enumerated b e l o w . 
1. The g o o d n e s s - o f - f i t o f our output su r f ace ±ss in 
our e s t i m a t i o n , f a i r f o r Model I - M e x i c o , and ve ry good f o r 
Model I I - U . S . A . , as i n d i c a t e d by the s tandard e r r o r o f the 
e s t ima te S^ 2*»n* W e c a n o t > s e r v e from Table 12 the a c t u a l 
and p r e d i c t e d va lues f o r the va lue o f manufacturing output 
and f u r t h e r judge our a c c u r a c y . The s tandard e r r o r o f our 
e s t ima te £ i s approx ima te ly f i v e p o i n t s f o r Model I - M e x i c o ; 
whereas , on the o t h e r hand, the e r r o r i s n e g l i g i b l e ( a p p r o x i ­
mate ly 0 . 1 p o i n t s ) in Model I I - U .S .A . 
2 . We have been ab l e t o e x p l a i n p r a c t i c a l l y a l l the 
v a r i a t i o n in the dependent f a c t o r a s s o c i a t e d with the v a r i a ­
t i o n s in the independent v a r i a b l e s . As i n d i c a t e d by the 
c o e f f i c i e n t o f d e t e r m i n a t i o n , we have accoun ted mathemat ica l ly 
f o r 99 per cen t o f the v a r i a n c e in our ou tpu t f a c t o r ( r e f e r 
t o Table 4 ) in our m o d e l s . 
3 . The s i g n i f i c a n c e t e s t f o r the l i n e a r r e l a t i o n s h i p 
in our r e g r e s s i o n equa t ion i s h i g h l y s i g n i f i c a n t and such a 
r e l a t i o n s h i p c l e a r l y e x i s t s f o r both m o d e l s . 
4 . As each s p e c i f i c f a c t o r i s added t o our function*, 
we can reduce the unexpla ined v a r i a n c e in our output and 
Table 1 2 . Comparison Between The Ac tua l Index o f 
P roduc t ion (P) and the Est imated Index (P) f o r Both Models 
Model I - Mexico ( 1 9 3 9 -1 9 5 5 ) 
Year 








( ? - P ) 
Per C< 
A Dev t - : 
p 
1 9 3 9 100 97 - 3 . 0 = 3 . o 
1 9 4 0 1 1 1 1 1 5 4 . 0 3 . 6 
1 9 4 1 1 3 4 1 3 9 5 . 0 3 . 7 
1 9 4 2 1 5 2 1 5 2 — — 
1 9 4 3 1 5 8 149 - 7 . 0 = 4 . 4 
1 9 4 4 1 5 1 1 5 1 =- =-
1 9 4 5 1 6 4 1 6 7 3 . 0 1 . 8 
1 9 4 6 1 6 8 1 5 9 - 9 . 0 = 5 . 4 
1 9 4 7 1 6 2 1 7 0 8 . 0 4 . 9 
1 9 4 8 1 7 4 1 7 9 5 o 0 2 . 9 
1 9 4 9 1 7 8 1 8 5 7 . 0 3 c 9 
Model I I - U .S .A. ( 1 8 9 9 - 1 9 1 5 ) 
Actua l E s t . D e v Per Cent 
Year Output Index ^ * Dev. 
Index £ (P - P) ^ - p 
1 8 9 9 1 0 0 1 0 0 
1 9 0 0 104 104 
1 9 0 1 1 0 9 1 0 9 
1 9 0 2 114 114 
1 9 0 3 1 1 6 1 1 6 
1 9 0 4 124 124 
1 9 0 5 1 3 1 1 3 1 
1 9 0 6 1 3 3 1 3 3 
1 9 0 7 1 3 2 1 3 2 
1 9 0 8 145 145 
1 9 0 9 1 5 2 1 5 2 
Table 1 2 . (Cont inued) 
Model I - Mexico ( 1 9 3 9 - 1 9 5 5 ) Model I I = U .S .A . ( 1 8 9 9 - 1 9 1 5 ) 
A c t u a l E s t . Dev. P e r Cent 
Year Output Index f * Dev. 
Index p ( P - P) P - P 
P P 
A c t u a l Est* Per Cent 
Year Output Index * Dev. 
Index p (P - P) P - P 
p -
1 9 5 0 206 2 0 0 - 6 . 0 - 2 . 9 1910 150 150 ~-
1951 179 179 — -~ 1911 152 152 --
1 9 5 2 178 1 7 5 - 3 o 0 - 1 . 7 1 9 1 2 156 156 — 
1 9 5 3 2 0 4 195 - 9 . 0 = 4 . 4 1913 158 1 5 8 — 
1954 199 196 - 3 . 0 - 1 . 5 1914 161 162 + 1 . 0 + 0 . 6 
1 9 5 5 159 166 7 . 0 4 . 4 1 9 1 5 172 172 
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gauge the importance o f the "added" input ( r e f e r t o Table 5). 
The r e d u c t i o n in unexp la ined v a r i a n c e due t o each f a c t o r , in 
o r d e r o f d e c r e a s i n g impor tance , i s as f o l l o w s ; 
Table 1 3 . Importance o f Each F a c t o r in Reducing 
The Unexplained Var iance in The Output 
( a ) 
Model I - MEXo 
( b ) 
Model I I - UoS„.Ao 
Time Power Consumption 
Power Consumption Time 
C a p i t a l Raw Mate r i a l s 
Wages and S a l a r i e s Wages and S a l a r i e s 
Raw M a t e r i a l s C a p i t a l 
For these models i t seems tha t time and power c o n ­
sumption inpu ts e x p l a i n a l a r g e r p r o p o r t i o n o f the v a r i a t i o n 
a s s o c i a t e d with the dependent v a r i a b l e o r o u t p u t . The 
p r a c t i c a l i m p l i c a t i o n s are d e f e r r e d u n t i l d i s c u s s i o n o f the 
r e g r e s s i o n c o e f f i c i e n t s ( e l a s t i c i t i e s ) . 
5. The r e g r e s s i o n c o e f f i c i e n t s o r p r o d u c t i o n e l a s t i ­
c i t i e s as they may be c a l l e d ( h ^ j ) are p re sen ted in Tab les 6 
and 7 f o r Models I - Mexico and I I - U . S . A . , r e s p e c t i v e l y 0 
From the s t andpo in t o f economic p o l i c y , we are i n t e r e s t e d in 
o b t a i n i n g an i n d i c a t i o n o f how much a g iven f a c t o r o f pro= 
d u c t i o n i s l i k e l y to i n f l u e n c e the amount o f the p r o d u c t . 
6 7 
The e l a s t i c i t i e s g i v e us such an i n d i c a t i o n . The s tandard 
e r r o r s o f each are i n c l u d e d t o c l a r i f y t h e i r a c c u r a c y wi th in 
a p r o b a b i l i t y l e v e l o f 6 8 per c e n t . 
We are t o l d that n e g a t i v e e l a s t i c i t i e s may o c c u r but 
Q 
are not s t a t i s t i c a l l y s i g n i f i c a n t . There i s an i n t e r e s t i n g 
r e s u l t as e x e m p l i f i e d by the s i g n i f i c a n c e t e s t performed on 
each e l a s t i c i t y . Second-degree power consumpt ion , f o r e x ­
ample, has a n e g a t i v e exponent y e t i t becomes s i g n i f i c a n t at 
the lower l e v e l s . Such t e s t s , o f c o u r s e , p r e c l u d e our 
assumption o f no rma l i t y and independence in the e r r o r s o r 
d e v i a t i o n s o f our d a t a . This may be a dubious assumpt ion . 
Table 1 4 . S i g n i f i c a n c e L e v e l s o f 
R e g r e s s i o n C o e f f i c i e n t f o r Both Models 
L e v e l a t Which R e g r e s s i o n C o e f f . Becomes S i g n i f i c a n t 
Model - — — — — — — — — — — 
1 - 1 0 1 1 - 2 0 2 1 - 3 0 3 1 - 4 0 4 1 - 5 0 5 1 - 6 0 6 1 = 7 0 7 1 - 8 0 8 1 - 9 0 
I 
MEX. Xy X^ Xg,X^ - x 3 X 4 
I I 
U . S . A . 
x^ x 4 , x ^ , *=» -
X 6 
X 3 x 8 x 2 X 7 
For Model I-MEX. For Model I I - U . S . A . 
X 2 =Log C X 5 *L0g E X 2 - L o g C Xg^(LOg E ) 2 
X 3 - L o g W X ( 5«Mt X 3 « L o g W X^- fLog E ) 3 
X ^ L o g R X~=Mt 2 X^«Log R Xg«Log t ^ 
X ^ L o g E X 9 - ( L o g t ) " 
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From Table 14, i n d i c a t i o n s are that we c o u l d d rop wages 
and s a l a r i e s , and raw m a t e r i a l s from Model I - M e x i c o , and do 
the same with wages and s a l a r i e s , c a p i t a l , and time from 
Model I I - U .S .A . This does not seem t o be l o g i c a l and we 
must temper s t a t i s t i c a l a n a l y s i s o f our r e s u l t s wi th p r a c t i c a l 
economic r e a s o n i n g . 
The n e g a t i v e e l a s t i c i t y f o r wages and s a l a r i e s in 
Model I - Mexico i s not t o be i n t e r p r e t e d l i t e r a l l y . I t 
should be obse rved as a r e s u l t o f the i n t e r r e l a t i o n s h i p s 
e x i s t i n g and changes o c c u r r i n g in a l l the v a r i a b l e s w i th in 
our r e g r e s s i o n p rob lem. 
With regard to combined i n p u t , we found when t e s t i n g 
the s i g n i f i c a n c e o f the o v e r a l l g o o d n e s s - o f - f i t (R^ 0 . . . R ) 
tha t our m u l t i p l e r e g r e s s i o n c o e f f i c i e n t was h i g h l y s i g n i f i ­
c a n t . However, when each independent f a c t o r i s taken s e p a ­
r a t e l y , the l i n e a r r e l a t i o n s h i p between each and the ou tpu t 
i s g r e a t l y t o be doubted as i s i n d i c a t e d by our f a c t o r 
s i g n i f i c a n t t e s t s . 
6 . An a n a l y s i s o f the e l a s t i c i t i e s p l a c e s the b a s i c 
f a c t o r s in the f o l l o w i n g o r d e r o f importance f o r each models 
Table 15. Importance o f F a c t o r 
E l a s t i c i t i e s f o r Both Models 
_ ( a ) ~ ~~ ~ ~ " ' ( b ) ~~ 
Model I - Mexico Model I I - U .S .A . 
C ( C a p i t a l ) E (Power) 
R (Raw M a t e r i a l s ) W (Wages and S a l a r i e s ) 
E (Power) R (Raw M a t e r i a l ) 
W (Wages and S a l a r i e s ) C ( C a p i t a l ) 
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We can e x p e c t g r e a t e r pe rcen tage i n c r e a s e s in the 
va lue o f output from c a p i t a l , raw m a t e r i a l s , and wages and 
s a l a r i e s inputs ( i n that o r d e r ) f o r Model I - M e x i c o , c e t e r i s 
p a r i b u s . This seems a l o g i c a l r e s u l t s i n c e i n d u s t r i a l p r o ­
duc t p r i c e s r e f l e c t an i n t e r e s t on the par t o f i ndus t ry t o 
c o v e r input va lues o r c o s t s in o r d e r o f magnitude o f f a c t o r 
p r i c e s . In Mexican manufacturing i ndus t ry a f a c t o r - p r i c e 
c l a s s i f i c a t i o n o f the v a r i a b l e s i n v o l v e d would c l o s e l y f o l ­
low the sequence in Table 1 5 ( a ) . 
Venture c a p i t a l f o r i n d u s t r i a l investment i s a d i f f i ­
c u l t ( 1 9 3 9 - 1 9 5 5 ) r e s o u r c e to a c q u i r e and i t s consequent 
c o s t o r f a c t o r p r i c e i s h i g h . This i s aggrava ted by the 
c o s t l y import o f c a p i t a l g o o d s , equipment and a c c e s s o r i e s . 
Fur thermore , e x c e p t f o r the years 1 9 4 3 - 1 9 4 6 approximately<, 
there i s much e v i d e n c e t o i n d i c a t e e x c e s s c a p a c i t y c o n d i t i o n s 
in many branches o f manufac tur ing . Import p r i c e s and 
q u a n t i t i e s o f r e q u i r e d raw m a t e r i a l s ( a s w e l l as h igh p r i c e s 
o f d o m e s t i c a l l y a v a i l a b l e m a t e r i a l s ) c o n t r i b u t e to p l a c i n g 
t h i s f a c t o r in a prominent p o s i t i o n on the s c a l e . Power 
r a t e s are no t known t o be low in Mexico;, the c o r r e s p o n d i n g 
input va lue seems to be h ighe r than wages and s a l a r i e s 
( o u r " i n s i g n i f i c a n t " f a c t o r ) . P r o f i t l e v e l s are c o n c e a l e d 
in t h i s s tudy by va lue o f output d a t a . L e v e l s are high and 
c r e a t e d i s t u r b a n c e s a f f e c t i n g p a r t i c i p a t i o n o f a l l f a c t o r s , 
p r i m a r i l y wages as has been mentioned p r e v i o u s l y . 
In the U . S . A . , va lue o f power r a t e s added to the 
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i n t e n s i v e use o f c a p a c i t y make t h i s f a c t o r h i g h l y important 
in i t s e f f e c t s on va lue o f o u t p u t . The va lue o f l a b o r p l ays 
a more l o g i c a l r o l e in the s e t t i n g o f manufactur ing i n d u s t r y . 
The g rea t upswing o f l a b o r c o s t s i s r e f l e c t e d by the va lue 
o f ou r wages and s a l a r i e s f a c t o r and i t s e f f e c t on the 
va lue o f o u t p u t . Raw m a t e r i a l s f o l l o w c l o s e l y and i s t o be 
e x p e c t e d from the p e r i o d s t u d i e d as manufacturing methods 
and p r o c e s s e s added to c o s t s in the e x t r a c t i v e i n d u s t r i e s 
de termine t h i s f a c t o r ' s impor t ance . Domest ic c a p i t a l goods 
i n d u s t r i e s were a l r e a d y a c t i v e in the U .S .A . in the f i r s t 
twenty yea r s o f the c e n t u r y , and the re was g r e a t f l u i d i t y 
in c a p i t a l f o r investment p u r p o s e s . These c o n d i t i o n s r e ­
duced the r e l a t i v e va lue p o s i t i o n o f c a p i t a l in r e l a t i o n t o 
o t h e r input f a c t o r s and t h e r e f o r e i t s i n f l u e n c e on the o u t ­
put va lue inc remen t . 
An a n a l y s i s o f the " p h y s i c a l " p r o d u c t i o n a s p e c t s o f 
our f u n c t i o n s show the f o l l o w i n g o b s e r v a t i o n s f o r Model I -
Mex ico ; 
( a ) D e c r e a s i n g re tu rns acc rue to each o f the f a c t o r s 
i n v o l v e d , 
( b ) I n c r e a s i n g c o s t s pe r u n i t ou tpu t f o r each 
f a c t o r c o n s i d e r e d . 
( c ) The o v e r a l l model d e s c r i b e s c o n d i t i o n s o f r e ­
turns i n c r e a s i n g a t a d e c r e a s i n g r a t e . 
Some i m p l i c a t i o n s are that the c a p i t a l - i n t e n s i v e 
nature o f manufacturing development in Mexico f o r 1939 - 1955 
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has sped up growth but has lagged behind in the e f f i c i e n t 
use o f e x i s t i n g and new equipment i n s t a l l a t i o n s . Q u a l i t y 
and p r o c e s s i n g o f raw m a t e r i a l s and manufactured p roduc t wi th 
the purpose o f r educ ing c o s t s o f m a t e r i a l s and waste have not 
been s u f f i c i e n t l y s t r e s s e d . Manufacturing p r o c e s s e s must be 
used o p t i m a l l y f o r min imiz ing the c o s t s o f p r o d u c t i o n . 
In Model I I - U . S . A . , c o n d i t i o n s are s i m i l a r e x c e p t 
f o r the power consumption f a c t o r . 
7O As a f i n a l p o i n t , we may i n v e s t i g a t e the 
c h a r a c t e r i s t i c s o f the dynamic f a c t o r s in our mode l s , namely: 
For Model I - Mex ico : 
f ( t ) « e 0 - 1 0 l 4 o t " ° - 0 0 3 7 2 t 2 (53) 
For Model I I - U . S . A . : 
F ( T ) _ T - 0 . 0 0 7 1 8 1 0 - 0 . 0 2 0 2 7 ( L o g t ) 2 ^ 
The dynamics o f growth and the e f f e c t o f some o f the 
o t h e r f a c t o r s no t i n c l u d e d in our models may then be o b s e r v e d 
from Figure 2 2 . I t i s i n t e r e s t i n g to no te that dur ing the 
same i n t e r v a l o f seven teen y e a r s , the va lue o f f ( t ) f o r the 
Mexican model i n c r e a s e d from 1 . 1 0 t o 1 . 9 9 , wh i l e f o r the 
U . S . A . model , the va lue o f f ( t ) remained r e l a t i v e l y cons t an t 
a t the l e v e l o f app rox ima te ly 0 . 9 5 . These r e s u l t s are not 
s u r p r i s i n g because we have a l r e a d y seen that the Model I « 
Mexico i s no t as e x a c t as the Model I I - U . S . A . We can 
o b s e r v e tha t some causa l f a c t o r s o f impor tance have no t been 
i n c l u d e d in the former mode l . 
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Figure 2 2 . Dynamic F a c t o r s f o r 
Models I - Mexico and I I - U . S . A . 
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CHAPTER VI I 
CONCLUSIONS 
I t has been our purpose t o q u a n t i f y a p o r t i o n o f the 
economic phenomena u n d e r l y i n g the growth o f manufacturing 
i n d u s t r y in Mexico and the U . S . A . dur ing 1 9 3 9 - 1955 and 
I 8 9 9 - 1 9 1 5 r e s p e c t i v e l y . Throughout the e x p o s i t i o n a t t e n ­
t i o n was drawn t o the p o s s i b i l i t i e s open t o the i n v e s t i g a t o r 
f o r the fo rmu la t i on o f p lanning c r i t e r i a that e v o l v e from 
such a n a l y s i s . As i s t o be e x p e c t e d , e s t ima te s and p r o ­
j e c t i o n s can o n l y be as a c c u r a t e as the data a v a i l a b l e and 
the deg ree o f s o p h i s t i c a t i o n in the a n a l y t i c a l t o o l s em­
p l o y e d . 
Our r e g r e s s i o n f u n c t i o n s have approximated some 
p o s s i b l e " l aws" gove rn ing manufacturing ou tpu t f o r the 
p e r i o d s s t u d i e d . They p r o v i d e a b a s i s f o r measuring pas t 
e f f o r t , and t o a l i m i t e d e x t e n t enab le us t o plan f o r 
development o f manufacturing i n d u s t r y in M e x i c o . 
Some o f the main p o i n t s brought ou t by t h i s s tudy are 
summarized belows 
1 . Two mode l s , each based on f o u r primary f a c t o r s 
(C • c a p i t a l , ¥ * wages and s a l a r i e s ^ R • raw materials^, 
E « power consumpt ion) and a time f a c t o r t , were c o n s t r u c t e d 
f o r the manufactur ing i n d u s t r i e s o f Mexico and the U .S .A . 
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r e s p e c t i v e l y . In a compara t ive form, the two models are as 
f o l l o w s : 
Model I - Mex ico : 
P - 2 . 6 9 4 0 C 0 ' 5 1 4 5 6 w " 0 - 4 1 4 9 3 R 0 * 3 3 6 8 6 
E 0 . 3 1 9 2 9 e 0 . 1 0 l 4 0 t - 0 . 0 0 3 7 2 t 2 j55) 
f o r the p e r i o d 1 9 3 9 - 1 9 5 5 . 
Model I I - U . S . A . : 
P - 0 . 0 0 7 4 C 0 a 6 l 9 5 w ° - 3 9 5 3 7 R 0 . 3 7 6 9 7 
E 0 . 8 8 9 9 6 t - 0 . 0 0 7 1 8 1 0 - 0 . 0 2 0 2 7 ( L o g t ) 2 
f o r the p e r i o d 1 8 9 9 - 1 9 1 5 . 
2 . The re tu rns o f manufactur ing i n d u s t r y in Mexico 
were i n c r e a s i n g a t a d e c r e a s i n g r a t e f o r the p e r i o d 1 9 3 9 -
1 9 5 5 . This o b s e r v a t i o n i s based on the f a c t that the sum 
o f the e l a s t i c i t i e s f o r the primary inputs i s O . 7 5 6 . 
3 . The re tu rns o f manufactur ing i ndus t ry in the 
U . S . A . were i n c r e a s i n g at an i n c r e a s i n g ra te f o r the p e r i o d 
1 8 9 9 - 1 9 1 5 . In t h i s c a s e , the sum o f the e l a s t i c i t i e s o f 
primary inpu t s i s 1 . 8 0 4 . 
4 . Comparison o f the two models shows that the r a t e 
o f c a p i t a l investment in Mexico i s about th ree t imes h i g h e r 
in r e l a t i o n t o the same f a c t o r in the U . S . A . A l s o , the 
e f f e c t o f the raw m a t e r i a l s input i s about the same in 
mode I s . 
7 5 
5 . Some weaknesses o f the s t r u c t u r e o f the Mexican 
manufactur ing i ndus t ry are c l e a r l y i l l u s t r a t e d by the nature 
o f the f o l l o w i n g two f a c t o r s : 
( a ) The most c r i t i c a l area i s the one o f l a b o r i n ­
p u t , W. which has a n e g a t i v e c o e f f i c i e n t o f 
e l a s t i c i t y - 0 . 4 1 5 . 
( b ) The power consumption input i s a lmost one t h i r d 
o f the c o r r e s p o n d i n g f a c t o r in the U .S .A . 
model., 
6 . A comparison o f the f a c t o r s C and ¥ f o r the 
Mexican model shows the predominance o f c a p i t a l ( 0 . 5 1 5 ) o v e r 
l a b o r ( - 0 . 4 1 5 ) . There has been an emphasis on c a p i t a l i n ­
vestment with a s e r i o u s l ag in p r o d u c t i v i t y . This may 
i n d i c a t e tha t f a c t o r s such as t e c h n i c a l e x p e r i e n c e , manage­
ment and a d m i n i s t r a t i v e t echn iques have not been emphasized 
enough t o cope with the advanced t e c h n o l o g y imp l i ed by such 
inves tmen t . 
7 . The sum o f the e l a s t i c i t i e s f o r C and E in the 
Mexican model i s 0 . 8 3 4 , wh i l e f o r the U .S .A . model i t i s 
1 . 0 5 2 . The o r d e r o f magnitude i s s i m i l a r , and i t may be 
conc luded that in Mexico the f a c t o r C has been s t r e s s e d 
aga in at the expense o f f a c t o r E, 
8 . The time f a c t o r has been v e r y important in the 
Mexican model demons t ra t ing the dynamic nature o f d e v e l o p ­
ment o f manufactur ing i n d u s t r y in that c o u n t r y . As time i s 
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n o t a c a u s a l f a c t o r , i t p o i n t s to the n e c e s s i t y o f expanding 
t h i s model t o i n c l u d e o t h e r s i g n i f i c a n t v a r i a b l e s a f f e c t i n g 




Table 1 6 . Net Income Produced per Man-Hour in 
Manufacturing ( i n I . U . ' s ) a 
YEAR U 0 S 0 A 0 YEAR MEXICO 
1 8 8 9 - 1 8 9 0 0 . 2 9 2 1 9 4 8 0 . 4 8 6 
1 9 0 0 - 1 9 0 4 0 . 2 2 0 1 9 4 9 0 . 5 4 1 
1 9 1 3 0 . 3 5 6 1 9 5 0 0 . 5 9 3 
S o u r c e : C„ C la rk , The C o n d i t i o n s o f Economic P r o g r e s s , 3 R D 
e d i t i o n , [London, Macmillan and C o . , Ltd.7 1 9 5 7 * 
Table V I I I , p . 3 3 6 . 
a 0 n e I , U, o f r e a l income was taken as the quan t i t y o f 
goods exchangeab le in the U . S . A . f o r $ 1 o v e r the average o f 
the decade 1 9 2 5 - 1 9 3 4 . 
Table 1 7 . Income Produced Per Worker In Mexico 
f o r Manufacturing Indus t ry 
N a t ' l . Income 3 Purchasing** D e f l a t e d Employed 0 Mfg.Income 
Prod . Per Year Prod, by Mfg. Ind. Power Index Na t iona l in Mfg 
(millions o f pesos) I 9 3 9 - I O O Income Ind . 
Index o f I n ­
come Produced 
Empl.Worker Per Worker 
1 9 3 9 9 1 4 . 1 1 0 0 . 0 9 1 4 . 1 6 0 5 , 0 0 0 1 5 1 0 1 0 0 . 0 
1 9 4 0 1 0 2 7 . 3 9 7 . 2 9 9 8 . 5 6 3 9 , 6 0 7 1 5 6 0 1 0 3 . 3 
1 9 4 1 1 2 5 7 . 1 9 4 . 5 1 1 8 8 . 0 6 7 3 , 0 0 0 1 7 6 5 1 1 6 . 9 
1 9 4 2 1 6 1 6 . 2 8 2 . 6 1 3 3 5 . 0 7 0 4 , 0 0 0 1 8 9 6 1 2 5 . 6 
1 9 4 3 2 0 9 2 . 8 6 1 . 9 1 2 9 5 . 4 7 3 5 , 0 0 0 1 7 6 2 1 1 6 . 7 
1 9 4 4 2 8 1 8 . 2 5 0 . 5 1 4 2 3 . 2 7 6 8 , 0 0 0 1 8 5 3 1 2 2 . 7 
1 9 4 5 3 4 3 7 . 2 4 5 . 7 1 5 7 0 . 8 8 0 1 , 0 0 0 1 9 6 1 1 2 9 . 9 
1 9 4 6 4 6 0 5 . 8 3 7 . 3 1 7 1 8 . 0 8 3 2 , 0 0 0 2 0 6 4 1 3 6 . 7 
1 9 4 7 4 9 0 6 . 4 3 3 . 7 1 6 5 3 . 4 8 6 4 , 0 0 0 1 9 1 3 1 2 6 . 7 
1 9 4 8 5 1 6 8 . 7 3 1 . 6 1 6 3 3 . 3 8 9 5 , 0 0 0 1 8 2 4 1 2 0 . 8 
1 9 4 9 5 4 7 3 . 6 2 8 . 2 1 5 ^ 3 . 6 9 2 9 , 0 0 0 1 6 6 1 1 1 0 , 0 
VO 
Table 1 7 . (Cont inued) 
N a t ' l . Income Purchasing D e f l a t e d Employed 0 Mfg.Income Index o f I n -
Year Prod.by Mfg. Ind. Power Index Na t iona l in Mfg. Prod . Per come Produced 
(mi l l ionsof pesos) 1 9 3 9 ^ 1 0 0 Income Ind . Empl. Worker Per Worker 
1 9 5 0 6 9 6 4 . 9 2 5 - 9 1 8 0 3 . 9 9 7 2 , 5 4 5 1 8 5 4 1 2 2 . 8 
Sourcess a E l D e s a r r o l l o Economico de M e x i c o , Comision Mixta , Primera E d i c i o n , 
Mexico D . F . , Fondo de Cultura Economica , 1 9 5 3 , P. 3 6 . 
b Memoria de la S e c r e t a r i a de Economia 3 Mexico D . F . , 1 9 5 8 , p . 1 8 7 . 
c A n u a r i o E s t a d i s t i c o de l o s Estados Unidos Mexicanos . 1 9 4 0 . 
fihuario E s t a d i s t i c o de l o s Estados Unidos Mexicanos . 1 9 ^ 5 . 
Anuario E s t a d i s t i c o de l o s Estados Unidos Mexicanos , 1 9 5 0 . 
co 
o 
Table 1 8 . Income Produced Per Worker in the U . S . A . 
f o r Manufacturing Indus t ry 
Year 
N a t 1 1 . I n c o m e 
Prod.by Mfg.Ind. 
(mil l ions o f dls.) 
Purchasing 
Power Index 
1 8 9 0 = 9 9 S 1 0 0 
D e f l a t e d 






Prod . Per 
Empl. Worker 
Index o f I n ­
come Produced 
Per Worker 
1 8 9 9 2 . 7 1 4 9 8 2 . 6 6 0 4 , 5 0 1 , 9 1 9 5 9 0 1 0 0 . 0 
1 9 0 0 2 . 9 4 1 9 4 2 . 7 6 4 4 , 6 3 0 , 0 0 0 5 9 6 1 0 1 . 0 
1 9 0 1 3 . 1 9 3 9 2 2 . 9 3 8 4 , 7 5 0 , 0 0 0 6 1 8 1 0 4 . 7 
1 9 0 2 3 . 6 0 5 9 0 3 . 2 4 4 4 , 8 3 5 , 0 0 0 6 7 0 1 1 3 . 6 
1 9 0 3 3 . 8 1 2 8 6 3 . 2 7 8 5 , 0 0 0 , 0 0 0 6 5 5 1 1 1 . 0 
1 9 0 4 3 . 5 1 9 8 7 3 . 0 6 2 5 , 1 8 1 , 6 6 0 5 9 0 1 0 0 , 0 
1 9 0 5 4 . 0 3 2 8 7 3 . 5 0 8 5 , 3 4 0 , 0 0 0 6 5 6 1 1 1 . 2 
1 9 0 6 4 , 3 7 7 84 3 . 6 7 7 5 , 5 5 2 , 0 0 0 6 6 2 1 1 2 . 2 
1 9 0 7 4 . 7 4 3 7 9 3 . 7 4 7 5 , 7 5 4 , 0 0 0 6 5 1 1 1 0 . 3 
1 9 0 8 4 . 0 4 6 8 3 3 . 3 5 8 6 , 0 2 5 , 0 0 0 5 5 7 9 4 . 4 
1 9 0 9 4 , 8 2 4 8 3 4 . 0 0 4 6 , 2 6 2 , 2 4 2 6 3 9 1 0 8 . 3 
1 9 1 0 5 . 4 4 7 7 8 4 . 2 4 9 6 , 3 1 5 , 0 0 0 6 7 2 1 1 3 . 9 
Sources 
T a b l e 19. B a n k L o a n s 
a n d D i s c o u n t s i n M e x i c o 
Y e a r 
B a n k L o a n s a n d 
D i s c o u n t s 
( m i l l i o n s o f p e s o s ) 
D e f l a t e d 
t o 1939 
( p e s o s ) 
" C r e d i t " 
I n d e x 
(1939-100) 
1939 237.0 237.0 100.0 
1940 238.0 231.3 97.5 
1941 312.0 294.8 1 2 4 . 5 
1942 436.0 360.1 151.9 
1943 606.0 375.1 158.2 
1944 918.0 463.6 195.8 
1945 1 1 4 9 - 0 525.1 2 2 1 . 5 
1946 1350.0 503.6 212.7 
1947 1155.0 389.2 164.1 
1948 1924.0 608.0 256.5 
19^9 1800.0 507.6 2 1 4 . 4 
1950 1765.0 457.1 192.8 
S o u r c e s La E c o n o m i a M e x i c a n a e n 1 9 5 3 , S e c r e t a r i a de E c o n o m i a 
flexicb D . F . , 1954, p . T l 5 7 ^ 
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Table 20 . Bank Loans 
and D i s c o u n t s in U . S . A . 
Year 
Bank Loans and 
D i s c o u n t s 
( b i l l i o n s o f d l s . ) 
D e f l a t e d 
t o 1890-1899 
(do l la r s ) 
" C r e d i t " 
Index 
1899*100 
1899 5-178 5-074 100.0 
1900 5.658 5.318 1 0 4 . 8 
1901 6.425 6.279 123-7 
1902 7.189 6.470 127-5 
1903 7.739 6.656 131.2 
1904 7.932 6.944 136.9 
1905 9.027 7 . 9 4 0 156.5 
1906 9-894 8.983 177-0 
1907 10.764 8.504 I 6 7 . 6 
1908 10.438 8 . 6 6 4 170.8 
1909 11.447 9.501 187.2 
1910 12.522 9.767 192.5 
S o u r c e : H i s t o r i c a l S t a t i s t i c s 
Department o f Commerce 
o f the United 
, S e r i e s N 19-
Sta te s $ U. S. 
•2b, p . 262. 
Table 2 1 . P h y s i c a l Volume o f P roduc t ion f o r S p e c i f i c 
Manufacturing I n d u s t r i e s in Mexico (1939 s100) 
*ar T e x t i l e s Food and Tobacco C o n s t r u c t i o n Chemical I ron and Leather 
































n . d . 
>urces Memoria de l a S e c r e t a r i a de Economia, Mexico D . F . , 1955, p . 283-86. 
Table 2 g . P h y s i c a l Volume o f P roduc t ion f o r 
S p e c i f i c Manufacturing I n d u s t r i e s in the U . S . A . ( 1 8 9 9 * 1 0 0 ) 
Year T e x t i l e s Food and Tobacco Cons t ruc t i on Chemical I ron and Leather 
Beverages Produc t s S t e e l Products 
1 8 9 9 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 
1 9 0 4 1 2 6 . 3 1 2 7 . 7 1 2 3 . 3 9 2 . 6 1 3 3 . 3 1 3 0 . 3 1 1 5 . 6 
1 9 0 9 1 5 7 . 8 1 5 0 . 0 1 4 3 . 3 1 0 1 . 2 1 8 8 . 8 2 2 5 . 1 1 2 9 . 6 
1914 1 8 9 . 4 1 7 7 . 7 1 7 6 . 6 1 0 0 . 0 2 4 4 . 4 2 2 0 . 9 1 2 6 . 5 
Source? H i s t o r i c a l S t a t i s t i c s o f the United S t a t e s» U. S. Department o f Commerce, 
S e r i e s J 1 5 - 2 9 , p . lb*0. 
CO 
Table 23. Percentage D i s t r i b u t i o n o f F a c t o r s 
in Na t iona l Incomes Mexico 
Year A g r i - Mining Mfg. Const . Transp ,& Trade S e r v i c e G o v ' t . Finance & 
c u l t u r e U t i l i t i e s M i s c . 
1939-1944 19.1 5.1 16.9 1.8 6,1 26.4 8.3 6.0 9.1 
1945-1950 17.6 3.9 18.3 1.9 4.8 31.9 7.8 4.4 8.3 
Sources Comision Mix ta , E l D e s a r r o l l o Economlco de M e x i c o , Primera E d i c i o n , 
Mexico D . F . , Fondo de Cultura Economica , "T953, p . 36. 
Table 2 4 . Percentage D i s t r i b u t i o n o f F a c t o r s 
in Na t iona l Income: U .S .A . 
Year A g r i - Mining Mfg. Cons t . Transp . & Trade S e r v i c e G o v ' t . .Finance & 
c u l t u r e U t i l i t i e s M i s c . 
1899-1908 16,7 3.1 18 .4 4 . 5 10.7 15.3 9.6 5.6 16.0 
1909-1918 17.7 3.3 20.8 3.2 10.7 1 4 . 5 8.2 6.3 15 .4 
Sources H i s t o r i c a l S t a t i s t i c s o f the United S t a t e s , U. S. Department o f Com­
merce , S e r i e s A 145-1537 P. 13. *" 
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Table 2 5 . Gross Value o f 
Manufactured P roduc t : Mexico 
Year P e s o s 8 
( m i l l i o n s ) 
Value in 
1 9 3 9 Pesos 
Index 
1 9 3 9 * 1 0 0 
Log o f 
Index 
1 9 3 9 2 1 1 3 2 1 1 3 100 2 . 0 0 0 0 0 
1 9 ^ 0 2 4 2 1 2 3 5 3 111 2 . 0 4 5 3 2 
1 9 4 1 2 9 9 9 2 8 3 4 1 3 4 2 . 1 2 7 1 0 
1 9 4 2 3 8 9 0 3 2 1 3 1 5 2 2 . 1 8 1 8 4 
1 9 4 3 5 3 9 2 3 3 3 8 1 5 8 2 . 1 9 8 6 6 
1 9 4 4 6 3 1 4 3 1 8 9 1 5 1 2 . 1 7 8 9 8 
1 9 4 5 7 5 8 3 3 4 6 5 1 6 4 2 . 2 1 4 8 4 
1 9 4 6 9 5 1 4 3 5 4 9 1 6 8 2 . 2 2 5 3 1 
1 9 4 7 1 0 1 6 1 3424 1 6 2 2 . 2 0 9 5 2 
1 9 4 8 1 1 6 4 2 3 6 7 9 1 7 4 2 . 2 4 0 5 5 
1 9 4 9 1 3 3 2 8 3 7 5 8 1 7 8 2 . 2 5 0 4 2 
1 9 5 0 1 6 7 9 4 4 3 5 0 2 0 6 2 . 3 1 3 8 7 
1 9 5 1 1 8 0 0 0 3 7 8 0 1 7 9 2 . 2 5 2 8 5 
1 9 5 2 1 9 9 0 0 3 7 6 1 1 7 8 2 . 2 5 0 4 2 
1 9 5 3 2 1 7 3 0 4 3 0 2 204 2 . 3 0 9 6 3 
1 9 5 4 2 3 5 8 0 4 1 9 7 1 9 9 2 . 2 9 8 8 5 
1 9 5 5 2 5 4 3 0 3 3 5 7 1 5 9 2 . 2 0 1 4 0 
S o u r c e : a U n i t e d Nat ions 
United Nat ions 
Yea rbook . 1 9 4 8 . 
Yearbook . 1 9 5 7 * 
Table 6 4 , 
Table 6 8 , 
p . 1 6 9 . 
p . 1 9 1 • 
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Table 2 6 . C a p i t a l Investment in 
Manufacturing Indus t ry : Mexico 
Year P e s o s 8 
( m i l l i o n s ) 
Value in 
1 9 3 9 Pesos 
Index 
1 9 3 9 - 1 0 0 
Log o f 
Index 
1 9 3 9 2 3 7 5 2 3 7 5 1 0 0 2 . 0 0 0 0 0 
1 9 4 0 2 6 5 0 2 5 7 6 1 0 8 2 . 0 3 3 4 2 
1 9 4 1 2 9 5 0 2 7 8 8 1 1 7 2 . 0 6 8 1 9 
1 9 4 2 3 2 8 0 2 7 0 9 114 2 . 0 5 6 9 0 
1 9 4 3 3 6 4 0 2 2 5 3 9 5 1 . 9 7 7 7 2 
1 9 4 4 4 0 0 0 2 0 2 0 8 5 1 . 9 2 9 4 2 
1 9 4 5 4 3 6 5 1 9 9 5 8 5 1 . 9 2 9 4 2 
1 9 4 6 4 7 5 0 1 7 7 2 7 5 1 . 8 7 5 0 6 
1 9 4 7 5 1 5 0 1 7 3 6 7 3 1 . 8 6 3 3 2 
1 9 4 8 5 5 5 0 1 7 5 4 7 4 1 . 8 6 9 2 3 
1 9 4 9 5 9 6 5 1 6 8 2 7 1 1 . 8 5 1 2 6 
1 9 5 0 6 3 9 5 I656 7 0 1 . 8 4 5 1 0 
1 9 5 1 6 8 0 0 1 4 2 8 6 0 1 . 7 7 8 1 5 
1 9 5 2 7 2 0 0 1 3 6 1 5 7 1.75587 
1 9 5 3 7 6 7 5 1 5 2 0 64 1.80618 
1 9 5 4 8 1 6 0 1 4 5 2 6 1 1.78533 
1 9 5 5 * 8 6 2 0 1 1 3 8 4 8 1 . 6 8 1 2 4 
S o u r c e : a M . German 
Mexico D .F . 
pa r ra , La I n d u s t r i a l i z a c i o n de 
, ImprenTa U n i v e r s i t a r i a , 195$, 
Mexico 
p . b y . 
* Es t ima ted . 
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T a b l e 2 7 . W a g e s a n d S a l a r i e s 
i n M a n u f a c t u r i n g I n d u s t r y : M e x i c o 
Y e a r P e s o s 8 ( m i l l i o n s ) 
V a l u e i n 
1 9 3 9 P e s o s 
I n d e x 1 9 3 9 - 1 0 0 L o g o f I n d e x 
1 9 3 9 5 2 0 5 2 0 1 0 0 2 . 0 0 0 0 0 
1 9 ^ 0 6 1 0 5 9 3 1 1 4 2 . 0 5 6 9 0 
1 9 4 1 7 0 0 6 6 2 1 2 7 2 . 1 0 3 8 0 
1 9 4 2 7 9 6 6 5 8 1 2 6 2 . 1 0 0 3 7 
1 9 4 3 9 0 0 5 5 7 1 0 7 2 . 0 2 9 3 8 
1 9 4 4 1 0 5 0 5 3 0 1 0 2 2 . 0 0 8 6 0 
1 9 4 5 1 1 5 9 5 3 0 1 0 2 2 . 0 0 8 6 0 
1 9 4 6 1 3 5 0 5 0 4 9 7 1 . 9 8 6 7 7 
1 9 4 7 1 5 7 0 5 2 9 1 0 2 2 . 0 0 8 6 0 
1 9 4 8 1 8 5 0 5 8 5 1 1 2 2 . 0 4 9 2 2 
1 9 4 9 2 1 7 5 6 1 3 1 1 8 2 . 0 7 1 8 8 
1 9 5 0 2 4 9 0 6 4 5 1 2 4 2 . 0 9 3 4 2 
1 9 5 1 2 8 0 0 5 8 8 1 1 3 2 . 0 5 3 0 8 
1 9 5 2 3 1 3 5 5 9 2 1 1 4 2 . 0 5 6 9 0 
1 9 5 3 3 4 8 0 6 8 9 1 3 2 2 . 1 2 0 5 7 
1 9 5 4 3 7 9 0 6 7 5 1 3 0 2 . 1 1 3 9 4 
1 9 5 5 * 4 1 2 0 5 4 4 1 0 5 2 . 0 2 1 1 9 
S o u r c e : a M . G e r m a n M e x i c o , D . F 
p a r r a , L a I n d u s t r i a l i z a c i o n d e M e I m p r e n t a U n l v e r s i t a r i a , 1 9 5 4 , C O ( j P 0 O (f • 
* E s t i m a t e d . 
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T a b l e 2 8 . Raw M a t e r i a l C o n s u m p t i o n 
i n M a n u f a c t u r i n g I n d u s t r y : M e x i c o 
Y e a r P e s o s 3 
( m i l l i o n s ) 
V a l u e i n 
1 9 3 9 Pesos 
I n d e x 
1 9 3 9 = 1 0 0 
L o g o f 
I n d e x 
1 9 3 9 1 0 5 0 1 0 5 0 100 2 . 0 0 0 0 0 
1 9 4 0 1 2 0 0 1 1 6 6 1 1 1 2 . 0 4 5 3 2 
1 9 4 1 1420 1 3 4 2 1 2 8 2 . 1 0 7 2 1 
1 9 4 2 1 6 5 0 1 3 6 3 1 3 0 2 . 1 1 3 9 4 
1 9 4 3 1 9 7 5 1 2 2 2 1 1 6 2 . 0 6 4 4 6 
1 9 4 4 2 3 9 0 1 2 0 7 1 1 5 2 . 0 6 0 7 0 
1 9 4 5 2 8 4 5 1 3 0 0 124 2 . 0 9 3 4 2 
1 9 4 6 3 3 8 5 1 2 6 3 1 2 0 2 . 0 7 9 1 8 
1 9 4 7 4 0 0 0 1 3 4 8 1 2 8 2 . 1 0 7 2 1 
1 9 4 8 4 7 5 0 1 5 0 1 143 2 . 1 5 5 3 4 
1 9 4 9 5 5 0 0 1 5 5 1 .148 2 . 1 7 0 2 6 
1 9 5 0 6 3 0 0 1 6 3 2 1 5 5 2 . 1 9 0 3 3 
1 9 5 1 7 0 5 0 1 4 8 0 1 4 1 2 . 1 4 9 2 2 
1 9 5 2 7 8 5 0 1484 1 4 1 2 . 1 4 9 2 2 
1 9 5 3 8 6 3 5 1 7 1 0 1 6 3 2 . 2 1 2 1 9 
1 9 5 4 9 4 2 5 1 6 7 8 1 6 0 2 . 2 0 4 1 2 
1 9 5 5 * 1 0 2 0 0 1 3 4 6 1 2 8 2 . 1 0 7 2 1 
S o u r c e : d M . German P a r r a , La I n d u s t r l a l l z a c l o n de M e x i c o , 
M e x i c o , D . P . , I m p r e n t a U n i v e r s i t a r i a , 1 9 5 4 , p . b f . 
* E s t i m a t e d . 
Table 2 9 . E l e c t r i c a l Energy Consumption 
in Manufacturing Indus t ry : Mexico 
Year M i l l i o n s 3 
o f KWH 
P r i c e b 
cts/KWH 
Cost o f Energy 
in Pesos 
( thousands) 
D e f l a t e d 
Cost o f Energy 
1 9 3 9 = 1 0 0 
Cost Index 
f o r Energy 
1 9 3 9 - 1 0 0 
Log o f 
Index 
1 9 3 9 4 1 5 3 . 8 1 5 7 7 0 1 5 7 7 0 1 0 0 2 . 0 0 0 0 0 
1 9 4 0 4 7 5 4 . 2 1 9 9 5 0 1 9 3 9 0 1 2 3 2 . 0 8 9 9 1 
1 9 4 1 5 2 4 4 . 7 2 4 6 2 8 2 3 2 8 0 1 4 8 2 . 1 7 0 2 6 
1 9 4 2 5 8 O 5 . 2 3 0 1 6 0 2 4 9 1 0 1 5 8 2 . 1 9 8 6 6 
1 9 4 3 6 3 9 5 . 9 3 7 7 0 1 2 3 3 4 0 1 4 8 2 . 1 7 0 2 6 
1 9 4 4 6 9 5 6 . 5 4 5 1 7 5 2 2 8 2 0 1 4 5 2 . 1 6 1 3 7 
1 9 4 5 7 6 0 7 . 0 5 3 2 0 0 2 4 3 1 0 1 5 4 2 . 1 8 7 5 2 
1 9 4 6 8 3 6 6 . 9 5 7 6 8 4 2 1 5 1 0 1 3 6 2 . 1 3 3 5 4 
1 9 4 7 9 1 3 7 . 9 7 2 1 2 7 2 4 3 1 0 1 5 4 2 . 1 8 7 5 2 
1 9 4 8 9 4 1 8 . 6 8 0 9 2 6 2 5 5 7 0 1 6 2 2 . 2 0 9 5 2 
1 9 4 9 1 0 7 0 9 . 7 1 0 3 7 9 0 2 9 2 7 0 1 8 6 2 . 2 6 9 5 1 
1 9 5 0 1 1 9 7 1 1 . 9 1 4 2 4 4 3 3 6 8 9 0 2 3 4 2 . 3 6 9 2 2 
1 9 5 1 1 3 4 1 1 1 . 2 1 5 0 1 9 2 3 1 5 4 0 2 0 0 2 . 3 0 1 0 3 
Table 29. (Cont inued) 
Year M i l l i o n s 8 
o f KWH 
P r i c e 1 3 
cts/KWH 
Cost o f Energy 
in Pesos 
(thousands) 
D e f l a t e d 
Cost o f Energy 
1939-100 
Cost Index 
f o r Energy 
1939-100 
Log o f 
Index 
1952 1 4 4 0 12.0 172800 32660 207 2.31597 
1953 1555 13.0 202150 40030 254 2.40483 
1954 1862 13*9 258818 46160 293 2.46687 
1955 2099 1 4 . 9 312751 41280 262 2.41830 
Sources? a E l Casode M e x i c o , Naciones Unidas , Consejo Economico S o c i a l , La Paz, 
Bolivia,""Somision Economica Para America La t i na , 1957, V o l . I I , p. 269. 
b Lara B e a u t e l l , C , La I n d u s t r i a l s Energia E l e c t r l c a , Primera E d i c i o n , 
Mexico D . F . , Fondo de Cultura Economica l 1953, p. 175• 
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Table 3 0 . Time S e r i e s f o r 
Model I - Mexico 
Year Time M x Time* ( T i m e ) 2 M x ( T i m e ) 2 
1 9 3 9 1 0 . 4 3 4 3 0 1 0 . 4 3 4 3 0 
1 9 4 0 2 0 . 8 6 8 6 0 4 1 . 7 3 7 2 0 
1 9 4 1 3 1 . 3 0 2 9 0 9 3 . 9 0 8 7 0 
1 9 4 2 4 1 . 7 3 7 2 0 1 6 6 . 9 4 8 8 0 
1 9 4 3 5 2 . 1 7 1 5 0 2 5 1 0 . 8 5 7 5 0 
1 9 4 4 6 2 . 6 0 5 8 0 3 6 1 5 . 6 3 4 8 0 
1 9 4 5 7 3 . 0 4 0 1 0 4 9 2 1 . 2 8 0 7 0 
1 9 4 6 8 3 . 4 7 4 4 0 6 4 2 7 . 7 9 5 2 0 
1 9 4 7 9 3 . 9 0 8 7 0 8 1 3 5 . 1 7 8 3 0 
1 9 4 8 1 0 4 . 3 4 3 0 0 1 0 0 4 3 . 4 3 0 0 0 
1 9 4 9 1 1 4 . 7 7 7 3 0 1 2 1 5 2 . 5 5 0 3 0 
1 9 5 0 1 2 5 . 2 1 1 6 0 1 4 4 6 2 . 5 3 9 2 0 
1 9 5 1 1 3 5 . 6 5 0 9 0 1 6 9 7 3 . 3 9 6 7 0 
1 9 5 2 1 4 6 . 0 8 0 2 0 1 9 6 8 5 . 1 2 2 8 0 
1 9 5 3 1 5 6 . 5 1 4 5 0 2 2 5 9 7 * 7 1 7 5 0 
1 9 5 ^ 1 6 6 . 9 4 8 8 0 2 5 6 I I I . I 8 0 8 0 
1 9 5 5 1 7 7 . 3 8 3 1 0 2 8 9 1 2 5 . 5 1 2 7 0 
*M = L o g i n e = 0 . 4 3 4 3 0 
9 4 
T a b l e 3 1 . Gross v a l u e o f 
M a n u f a c t u r e d P r o d u c t . U . S . A . 
Year D o l l a r s 8 
( b i l l i o n s ) 
V a l u e i n 
1 8 9 9 D o l l a r s 
I n d e x 
1 8 9 9 - 1 0 0 
Log o f 
I n d e x 
1 8 9 9 1 1 . 1 1 0 . 9 1 0 0 2 . 0 0 0 0 0 
1 9 0 0 1 2 . 0 1 1 . 3 104 2 . 0 1 7 0 3 
1 9 0 1 1 2 . 9 1 1 . 9 1 0 9 2 . 0 3 7 4 3 
1 9 0 2 1 3 . 8 1 2 . 4 114 2 . 0 5 6 9 0 
1 9 0 3 1 4 . 7 1 2 . 6 1 1 6 2 . 0 6 4 4 6 
1 9 0 4 1 5 . 5 1 3 . 5 124 2 . 0 9 3 4 2 
1 9 0 5 1 6 . 4 1 4 . 3 1 3 1 2 . 1 1 7 2 7 
1 9 0 6 1 7 . 3 1 4 . 5 1 3 3 2 . 1 2 3 8 5 
1 9 0 7 1 8 . 2 1 4 . 4 1 3 2 2 . 1 2 0 5 7 
1 9 0 8 1 9 * 1 1 5 . 8 145 2 . 1 6 1 3 7 
1 9 0 9 2 0 . 0 1 6 . 6 1 5 2 2 . 1 8 1 8 4 
1 9 1 0 2 0 . 9 1 6 . 3 1 5 0 2 . 1 7 6 0 9 
1 9 1 1 2 1 . 8 1 6 . 6 1 5 2 2 * 1 8 1 8 4 
1 9 1 2 2 2 . 7 1 7 . 0 1 5 6 2 . 1 9 3 1 2 
1 9 1 3 2 3 . 5 1 7 . 2 1 5 8 2 . 1 9 8 6 6 
1 9 1 4 * 2 4 . 4 1 7 . 6 1 6 1 2 . 2 0 6 8 3 
1 9 1 5 * 2 5 - 3 1 8 . 7 1 7 2 2 . 2 3 5 5 3 
S o u r c e : a A b s t r a c t o f t h e Census o f 
p a r t m e n t o f Commerce, 19T$9 
M a n u f a c t u r e s , 
p . l b . 
U. S . De-
* E s t i m a t e d . 
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Table 32. C a p i t a l Investment 
in Manufacturing Indus t ry ; U . S . A . 
Year Do l l a r s® 
( b i l l i o n s ) 
Value in 
I899 D o l l a r s 
Index 
1899=100 
Log o f 
Index 
1899 8.6 8.43 100 2.00000 
1900 9.5 8.93 106 2.02531 
1901 10.5 9.66 115 2.06070 
1902 11.4 10.26 122 2.08636 
1903 12.3 10.58 126 2.10037 
1904 13.3 11.57 137 2.13672 
1905 1 4 . 2 12.35 146 2.16435 
1906 15.2 12.77 151 2.I7898 
1907 16.1 12.72 151 2.17898 
1908 17.0 1 4 . 11 167 2.22272 
1909 17.9 14 .86 176 2.24551 
1910 18.9 14 .74 175 2.24304 
1911 19.8 15.05 178 2.25042 
1912 20.8 15.60 185 2.26717 
1913 21.7 15 .84 188 2.27416 
1914 * 22.6 16.27 193 2.28556 
1915* 23.6 17 .46 207 2.31597 
Sources A b s t r a c t o f the Census o f 
partment o f Commerce, I 9 W , 
Manufactures* 
p . l b . 
U. S. De -
* Est imated 
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T a b l e 33. Wages and S a l a r i e s 
I n M a n u f a c t u r i n g I n d u s t r y ; U . S . A . 
Year D o l l a r s 8 
( b i l l i o n s ) 
V a l u e i n 
1899 D o l l a r s 
I n d e x 
1899-100 
Log o f 
I n d e x 
1899 2.30 2.25 100 2.00000 
1900 2.50 2.35 104 2.01703 
1901 2.71 2.49 111 2.04532 
1902 2.92 2.63 117 2.06819 
1903 3.12 2.68 119 2.07555 
1904 3.33 2.90 129 2.11059 
1905 3.54 3.08 137 2.13672 
1906 3.75 3.15 140 2.14613 
1907 3.96 3.13 139 2.14301 
1908 4.16 3.45 153 2.18469 
1909 4.37 3.63 161 2.20683 
1910 4.58 3.57 159 2 .20140 
1911 4.78 3.63 161 2.20683 
1912 4.98 3.74 166 2.22011 
1913 5.19 3.79 168 2.22531 
1914 * 5.39 3.88 172 2.23553 
1915* 5.60 4 .14 184 2.26483 
S o u r c e : A b s t r a c t o f t h e Census o f 
p a r t m e n t o f Commerce, 19W* 
M a n u f a c t u r e s , 
Po lfc 'o 
U. S. De -
* E s t i m a t e d . 
97 
Table 34, Raw Mate r i a l Consumption 
in Manufacturing Indus t ry . U . S . A . 
Year D o l l a r s 3 
( b i l l i o n s 
Value in 
) I899 D o l l a r s 
Index 
1 8 9 9 - 1 0 0 
Log o f 
Index 
1899 6.23 6 . 1 0 100 2 . 0 0 0 0 0 
1900 6.79 6.38 105 2.02119 
1901 7.34 6.75 1 1 1 2 . 0 4 5 3 2 
1902 7.90 7 . H 117 2 . 0 6 8 1 9 
1903 8 . 4 6 7 . 2 8 119 2.07555 
1904 9 . 0 0 7.83 "L28 2 . 1 0 7 2 1 
1905 9.57 8.33 137 2 0 1 3 6 7 2 
1906 1 0 . 1 1 8.49 139 2 . 1 4 3 0 1 
1907 IO.67 8 . 4 3 138 2.13988 
1908 1 1 . 2 1 9 . 3 0 152 2 . 1 8 1 8 4 
1909 11.77 9.77 160 2 . 2 0 4 1 2 
1910 12.32 9 . 6 l 158 2.19866 
1 9 1 1 1 2 . 8 8 9.79 160 2 . 2 0 4 1 2 
1912 13.43 10.07 I65 2 o 2 1 7 4 8 
1 9 1 3 1 4 . 0 0 1 0 . 2 2 168 2 . 2 2 5 3 1 
1914* 14.55 1 0 . 4 8 172 2.23553 
1915* 1 5 . 1 0 11.17 I83 2 . 2 6 2 4 5 
S o u r c e : a A b s t r a c t 
partment 
o f the Census o f 
oF"Commerce, I9TT. 
Manufactures , 
p . l b . 
U. So De -
* Es t ima ted . 
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Table 3 5 . E l e c t r i c a l Energy Consumption 
in Manufacturing Indus t ry : U . S . A . 
Year D o l l a r s 3 
( m i l l i o n s ) 
Value in 
1899 D o l l a r s 
Index 
1899*100 
Log o f 
Index 
1 8 9 9 63 .O 61.7 100 2.00000 
1900 6 8 . 0 6 3 . 9 104 2.01703 
1901 70.0 6 4 . 4 104 2.01703 
1902 74.0 6 6 . 6 108 2.03342 
1903 78.0 6 7 . I 109 2.03743 
1904 80.0 69-6 113 2.05308 
1905 83oO 72.2 117 2.06819 
1906 90.0 75.6 122 2.08636 
1907 9 8 . 0 7 7 . 4 125 2.09691 
1908 108.0 89.6 1 4 5 2.16137 
1909 121.0 100.4 163 2.21219 
1910 137.0 106.9 173 2.23805 
1 9 1 1 1 5 9 . 0 120 . 8 196 2 . 2 9 2 2 6 
1912 181.0 135.8 220 2 . 3 4 2 4 2 
1913 207,0 151.1 245 2.38917 
1914 237.0 170 . 6 276 2.44091 
1915 2 7 1 . 0 200 . 5 3 2 5 2 . 5 H 8 8 
Sources h i s t o r i c a l S t a t i s t i c s o f the United S t a t e s , U. S. 
Department o f Commerce, S e r i e s ' tFS55 -233 , P. 159. 
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T a b l e 36. Time S e r i e s 
f o r Model I I - U . S . A . 
Year Time Log o f Time Log o f 
( T i m e ) 2 
1899 1 0.00000 0.00000 
1900 2 0.30103 0.09062 
1901 3 0.47712 0.22764 
1902 4 0.60206 0.36248 
1903 
LP. 0.69897 0.48856 
1904 6 0.77815 0.60552 




1907 9 0.95^24 0.91057 
1908 10 1.00000 1.00000 
1909 11 1.04139 1.08450 
1910 12 1.07918 1.16463 
1911 13 1.1139^ 1.24086 
1912 14 1.14613 1.31361 
1913 15 i a 7 6 0 9 1.38319 
1914 16 1.20412 1.44990 
1915 17 1.23045 1.51401 
1 0 0 
(a) sl 2 . . n - J * L 




S • unbiased s tandard e r r o r o f the e s t ima te 
N * number o f o b s e r v a t i o n s 
n « t o t a l number o f v a r i a b l e s 
<J~7 m v a r i a n c e o f r e s i d u a l s ( c o d e d ) o f the a c t u a l 
and es t imated va lue s o f the dependent 
v a r i a b l e , 
Model I - Mexico 
3 ^ 2 o o n . ( 1 7 ? [fff116) = 9 9 5 9 . 2 3 1 7 ( c o d e d ) 
S l o 2 . . n " 9 9 . 8 0 ( c o d e d ) 
^ 1 . 2 « * n * 0 . 0 1 0 0 ( uncoded) 
* U . n • 1 - [( % ^ ) ( =~*)] 
R-. o . . n - unb iased m u l t i p l e c o r r e l a t i o n 
c o e f f i c i e n t 
2 
^ 1 2 ^ n * u n ° i a s e d c o e f f i c i e n t o f m u l t i p l e 
* d e t e r m i n a t i o n 
(T*i • s tandard e r r o r o f the independent 
v a r i a b l e 
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Model I - Mexico 
R 
t 
K ? . 2 . . n " 1 * ° " (°.°1396) 
Rl.a--n " 0.98604 
R ! . 2 . . n • 0.99301 
blJ ~ PlJ 
bij 
b-ĵ -j * r e g r e s s i o n c o e f f i c i e n t o f independent 
J v a r i a b l e j 
P ^ « r e g r e s s i o n c o e f f i c i e n t o f the p o p u l a t i o n 
• s tandard e r r o r o f the r e g r e s s i o n c o -
D1J e f f i c i e n t 
Model I - Mexico 
t 1 2 - h l 2 . ' where H Q : P 1 2 - 0 1̂2 
*12 * 6.46044 
(1 " R1.2-n) ( n " 1) 
_2 
R l 2»*n " c o e f f i c i e n t o f m u l t i p l e de t e rmina t i on 
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where N - 17 
n - 7 
N «= number o f o b s e r v a t i o n s 
n «= t o t a l number o f v a r i a b l e s 
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